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SCIENCE AND MATHEMATICS ON PARADE 


Your officers are just putting the finishing touches on the science 
and mathematics band wagon for the big parade at the Edgewater 
Beach Hotel in Chicago, November 28 and 29. Plan now to attend 
this colorful and educational event when all Central Association of 
Science and Mathematics Teachers members and friends get together 
for their annual exchange of ideas. Many new things have been de- 
veloped since we got together in Cleveland last Thanksgiving. 

Dr. Thomas Hunton Rogers, Director of Research, Standard 
Oil Company of Indiana, will be our kick-off speaker and set the 
stage for our convention by discussing “Supply and Demand for 
Technical Personnel in American Industry.” 

Other top-notch speakers on the scientific and professional level 
include Dr. W. F. Libby, Professor of Chemistry, Institute of Nu- 
clear Studies, University of Chicago, who will discuss “Radiocarbon 
Dating”; Dr. E. Reeseman Fryer, Technical Cooperation Adminis- 
tration, Department of State, Washington, D. C., will discuss 
“Point 4 and American Science Teaching.”” Watch the November 
issue of ScHoot ScrENCE AND Martuematics for other convention 
headliners. 

Section and Group programs are on vital topics which are being 
discussed by people interested and qualified. Some topics are: 


1. Can we give gifted students a lasting interest in mathematics? 

2. Chemistry for creative citizens. 

3. Can a single course in mathematics or science fill the dual ob- 
jectives of general education and training for future specialists? 

4. What is elementary science? 

5. General science and mathematics as prerequisites to senior high 
school chemistry. 

6. What can science and mathematics teachers do to bring their 
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students an understanding of significant figures in measure- 
ment? 


The Biology Section and Conservation Group will hold two joint 
meetings on Friday. This promises to be a very beneficial meeting 
with speakers, discussion leaders and a panel. 

So you see the parade holds forth interest, color and value. Plan 
now to attend. Make your room reservation with 


Reservations Clerk 

Edgewater Beach Hotel 

Chicago 40, Illinois 
You will receive more information in the November issue of ScHoor 
SCIENCE AND MATHEMATICs. A complete program will be in the Vear- 
book, due off the press in early November. 

We will meet you in Chicago at the Edgewater Beach November 
28 and 29. 
Peak, President 


PROFESSOR POWERS RETIRES 


Professor S. Ralph Powers, head of the Department of Natural Sciences at 
Teachers College, Columbia University, for the past twenty-four years, retired 
from that position on June 30 (1952) and became professor emeritus. 

Prof. Powers received his education at the University of Minnesota, and left 
its faculty in 1923 to join the staff of Teachers College. His contribution to his 
field is based on his studies showing that teachers can contribute more effectively 
to their communities by relating the sciences to personal and community 
problems. 

Prof. Powers has been in charge of several national research projects on the 
teaching of science in the public schools and the training of science teachers. 
Last year he received the University of Minnesota’s Outstanding Achievement 
Award for his work to improve science teaching. 

As chairman of a committee of the National Society for the Study of Educa- 
tion, he conducted studies on the methods and materials used to teach science 
in elementary schools, high schools and colleges. From 1935 to 1944, he was 
administrator of the Bureau of Educational Research in Science, a research 
oe i financed by the General Education Board and conducted at Teachers 

ollege. 

The bureau published a series of books called “Science and Modern Living,” 
edited by Prof. Powers for use in the professional education of secondary-school 
teachers to help them interpret the impact of science on the modern world. 

In 1951, he was vice-president and chairman of the education section of the 
American Association for the Advancement of Science. He has also been the 
chairman of a Unesco committee which studied science courses and equipment 
in United States schools and colleges. F 

During World War II, Prof. Powers was a special consultant to the Industrial 
Personnel Division of the War Department. He is co-author of numerous high 
school and college text books and was editor of Science Education magazine. 


Ninety-four per cent of our homes have electricity; 95.6% have radios; 80% 
have mechanical refrigeration. 
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THE SIGNIFICANCE OF NUMBER 


WILLIAM DAVID REEVE 
460 Riverside Drive, New York, 27 N. Y. 


Recent discussions pro and con relative to the importance and 
place of arithmetic and other mathematical subjects in the school 
curriculum have revealed an astonishing amount of ignorance in re- 
gard to the significance of number. 

We Americans are so used to taking so many things for granted that 
it is not altogether surprising to find a thoughtless and ill informed 
person claiming that one can teach everything one needs to know 
about the whole field of mathematics in a few lessons. Even a dis- 
tinguished scientist is reported to have said that one can teach a boy 
all the mathematics he needs to know to understand elementary 
physics in thirty minutes. I once taught mathematics in the school 
where the son of this scientist studied elementary physics and I have 
it on good authority that it took this son of his famous father quite a 
while longer to master the mathematics necessary to understand the 
physics found in his father’s own textbook in physics. Moreover, it 
will take the ordinary teacher of mathematics (or physics for that 
matter) several minutes to explain to a high school student one alge- 
braic formula that appears in a footnote on one page of the above 
mentioned textbook. 

Is it surprising then to hear some curriculum maker saying that, 
if one wants to know what arithmetic to teach in the schools, he 
should make a survey of the community and ask adult members of 
that community how they use arithmetic in their daily lives, and, as 
a result of such a survey, determine the arithmetic content for the 
curriculum ? 

There are two very apparent weaknesses with such a method of 
procedure. In the first place, most people do not really know if you 
ask them, how they use arithmetic in their daily lives. Even if they 
once knew, they tend to forget as studies that I have carried on with 
the help of my graduate students at Teachers College, Columbia 
University, show. Secondly, people generally cannot tell one what 
use they might be able to make of arithmetic in their daily lives if 
they only knew more arithmetic. And similarly for other parts of 
mathematics. 

Judd once said that a large part of the trouble in the schools is due 
to the fact that arithmetic and reading have been traditionally con- 
sidered “tool subjects.”” He speculates interestingly as to what might 
have been the probable effect on subsequent educational thinking if, 
for example, reading and arithmetic had been called the “right and 


left hands of learning” instead of “tool subjects.” Thus 
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“T do not know who first called arithmetic and reading ‘tool subjects.’ Who- 
ever he was, he stigmatized these subjects and classified them as in some sense 
inferior to history and science and literature. Suppose that we could have been 
present at the first use of the term ‘tool subjects’ and could have persuaded the 
company not to use that term but to call reading and arithmetic the ‘right and 
left hands of learning,’ what would have been the effect on subsequent educational 
thinking of the adoption of our more complimentary terms?’”! 


In enlarging on this idea Judd further said: 


“When a writer on education says arithmetic is a ‘tool subject,’ what does he 
mean? We have only to appeal to present-day educational literature to secure a 
clear answer. Arithmetic is thought of as a subject which is a kind of necessary 
evil. If one wants to pry loose interest from capital, one will have to do a little 
calculating. If one wants to purchase bricks and lumber for the highly important 
business of building a house, one will have to delay in the truly constructive work 
long enough to add up a column of figures. If one is to engage in the interesting 
occupation of compounding a recipe, one will have to stop and measure and count 
the ingredients. The ends of life are possessions, and buildings, and food; these are 
the matters with which many educators declare themselves to be concerned; 
these, they tell us, are the substantial sources of valuable mental experience; 
these are the concrete facts of life. Number is to the minds of many of our con- 
temporaries a formal abstract something which has crept into the schools and 
crowded out property, and buildings, and food. Ardent critics of mathematics 
would have us believe that number is a tool which one uses perhaps twice a day, 
possibly three times, but never without apologies and never without a feeling of 
aversion at the delay which number thinking entails. The popular plea today isa 
plea for reduction all along the line. Let us find out how frequently the people 
of Iowa and Boston really use arithmetic in their daily lives, let us be rid of an- 
tique puzzles about ditch digging and the rest, let us laugh algebra and geometry 
out of the high school.’” 


In short, the common weakness of present thinking and practice 
is to overemphasize everything that is concrete. This ¢an be seen by 
even a cursory examination of current textbooks where such em- 
phasis is given to concreteness that we have all pictures and no arith- 
metic, all political science and no arithmetic, all project and no 
arithmetic, except a type that obscures the fact that ‘number is 
an ever guiding principle of life.” Such a point of view ignores the 
idea that the number system has consciously or unconsciously 
changed your life and mine because it is a way of thinking just as 
algebra and geometry are. Such an attitude reverses the scriptural 
passage so often quoted and says that the things that are seen are 
eternal. To such minds “number is merely something to be used now 
and then as a vague and unsatisfactory substitute for things that are 
concrete and substantial and truly important.” 

Let me quote Judd once more here. He said 


“The pupil who is drilled day after day in the use of number is acquiring 4 — 


mode of thought which will change all of his later mental operations. The indi- 


1 Judd, C. H. “The Fallacy of Treating School Subjects as Tool Subjects,” Third Yearbook, National Cound 
of Teachers of Mathematics, Bureau of Publications, Teachers College, Columbia University, New York, 1928, 
p. 1. 
2 [bid., p. 2. 
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yidual who has had experience with number is no longer capable of returning 
to the level of loose, inexact thinking that characterized his earlier methods of 
viewing the world. The curriculum maker who would be true to the facts must 
inquire into the subtle modes of thinking which lie deeper than the mere ex- 
pressions of number in the ordinary meaning of that word.’ 


In spite of the preceding statement, it is a difficult thing for the 
ordinary person and many so called educators to appreciate what it 
has cost to bring our number system up to its present standard of 
excellence. We often forget, if we have ever known it at all, that the 
race has taken a long time to develop its present ideas of honesty and 
accuracy in measurement. Many of our moderns are woefully ignor- 
ant of the importance of precision in present day civilization. This is 
due in part to the fact that they do not know the historical facts con- 
nected with the development from the loose, unwieldly, vague ideas 
of precision held by primitive man to the present “universal recogni- 
tion of the importance of the idea of precision.” 

If one has any doubt about the clumsiness of some of the previous 
attempts of the race to express itself in matters of precision, let him 
try to carry on the fundamental operations by means of the old Ro- 
man numerals. 

Thus 

“This idea of precision is not a collection of number names, nor a series of addi- 
tion combinations, nor the combinations taught in subtraction; it is a general idea 
refined out of many uses of number and ultimately taking its place in the minds 


of men as a guiding principle dominating every train of thought that a modern | 
man follows.’” 


However, trouble arises because some of our modern curriculum 
builders do not realize all of the implications of the preceding state- 
ment. Witness the present dearth of material which can be used to en- 
lighten one with respect to the explicit or implicit use of the idea of 
precision. Judd made a strong case when he said 


“T confess I am astonished when I see some of the analyses which purport to 
be the scientific foundations on which school curriculums are to be built and find - 
no mention of these general ideas of order and arrangement and precision. I am 
told that the school should teach children how to make change and how to meas- 
ure wall paper and how to tell time and that sections of arithmetic should be 
devoted to these specific tasks, but I look in vain for any appreciation of the 
fact that the school ought to lead pupils who have only a hazy and unsystematic 
notion of the world to see the value of arrangement and order in all thinking and 
to cultivate the general ideas of regularity and precision. 

I venture the prophecy that we are just at the point where we are about to 
leave behind the inadequate psychology which has in recent years taught that 
mental life is a bundle of particular ideas. We shall hear more and more in the 
years to come about general ideas. We shall realize that general ideas do not arise 
in the untrained mind but are the highest products of constructive thinking. The 
number system, the mathematical formulas of algebra and geometry, however 


3 Ibid., p. 4. 
‘Tbid., p. 5. 
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inefficiently taught in the past, have helped the race to organize and arrange the 
world in which we live. He who thinks of the number scheme as a trivial adden- 
dum to the mind’s equipment does not know his history.” 


One reason why we find ourselves in our present predicament is 
that our teaching is at fault. In my judgment, criticism which should 
have been directed against poor teaching has in many cases been 
leveled at the subject instead. Many teachers have looked upon the 
number system as computational arithmetic entirely instead of a 
combination of computational with informational arithmetic. In 
other words, teachers of mathematics have thought of arithmetic and 
algebra as a series of rules to be carried out and not as general meth- 
ods of thinking. ; 

This attitude on the part of teachers is not to be wondered at if 
we recall the familiar fact that computational arithmetic is relatively 
easy to teach as compared with a real understanding of number. In 
the same way past methods of teaching algebra have resulted in a 
kind of algebraic procedure that is mechanistic at best. 

The large number of failures in arithmetic and algebra is evidence 
of a lack of expertness in teaching these subjects. The further up we 
go in the grades the worse the failures become other things being 
equal. 

I have quoted from Judd extensively in this article first, because he 
is one of the best friends mathematics has had among recent general 
educators, along with W. C. Bagley, and second, because he was 
qualified to speak as a psychologist of national reputation. He worked 
hard and long to give mathematics a proper place in the schools be- 
cause he realized its importance. He was one of my best teachers at 
the University of Chicago and he greatly influenced my thinking by 
his teaching and writings. All teachers of mathematics should read as 
much of what Judd wrote about mathematics as possible. In one of 
his most important books® he gave a large amount of space to the 
teaching of mathematics in secondary schools. 


5 [bid., p. 7. 
§ Judd, C. H. Psychology of Secondary Education, Ginn and Company, Boston. 


INAUGURATION OF PRESIDENT RALPH WALDO McDONALD 
BOWLING GREEN STATE UNIVERSITY 


On May 10, 1952, Bowling Green State University inaugurated Ralph Waldo 
McDonald as fourth president of the University. A full day’s program was 
arranged for participating guests. The schedule began at 9 A.M. with registration, 
followed by guided tours of the campus, a 12 o’clock luncheon, an academic 
procession to the 3 o’clock inaugural exercises in the Main Auditorium, an 
academic recessional, and a 4:45 reception for delegates. 

President Philip Peak invited past president Allen F. Meyer to accept the 
invitation to delegate status in the name of the Central Association of Science 
and Mathematics Teachers. 
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ELEMENTARY SCIENCE TEACHING HINTS 


MILTON O. PELLA 
University of Wisconsin 
FIRE LANES IN FOREST PLANNING 


The struggle in the teaching of science, as in the teaching of other 
content areas, has been to develop, determine, or in some way 
invent more effective methods or techniques of instruction. 

The following demonstration was found very effective in the study 
of forest planning in an elementary school. The children attending 
this school came from an industrial city of moderate size and many 
of these children had had little to no contact with forest planning 
as a conservation measure. The consideration of forest planning as 
a conservation measure led normally to a discussion of fire lanes. 
The children had very little difficulty in grasping the concept of a 


Fic. 1 


fire lane, however, the function of these lanes was not clearly under- 
stood. Some children did not wish to waste the land used as fire 
lanes. The comment was made by one pupil, “If this area is to be 
used for a forest, don’t waste part of it.” Telling the children of the 
function of the fire lanes was, as usual, ineffective. The following 
demonstration did the real teaching. 

The forests as indicated in the sketches were established in metal 
pans. (These pans were 12”X14”.) The pans contained a layer of 
sand approximately one half inch deep. The trees are to be placed in 
the sand. The trees are made by cutting filter paper into four parts 
(Fig. 1). The size of the filter paper used is unimportant, however, 
that used here was 11 cm. in diameter. Each piece is rolled to form a 
cone and pasted so that it will retain this shape. These cones are the 
foliage of the trees. The trunks of the trees are made from wooden 
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ELEMENTARY SCIENCE TEACHING HINTS 517 
matches. The matches are inserted head upward as indicated in the 


The trees are then placed in the unplanned forest area as indicated 
in Figure 2. 

A fire is then started in this unplanned forest area. The progress. 
of the fire is observed by the pupils and it is noted that all the 
trees burned. (See Fig. 3.) The charred tree trunks (match sticks) 
are left as a reminder of what has happened. 

The second forest (pan) with the carefully planned fire lanes and 
similar trees is presented (Fig. 4). A fire is started in this forest area 
and the progress of the fire observed. It is generally noted that the 


fire stops at the lane and only one patt of the forest is destroyed 
(Fig. 5). 

A tree may (if properly planned for by the teacher) fall toward the 
fire lane. You may ask the children, “What can be done now? Can 
fire fighting equipment be moved in?” The answers to these questions 
are now simple. Pupils have been known to suggest additions to this 
demonstration. One suggestion given was to extinguish the burn- 
ing log in the fire lane with water squirted from a medicine dropper. 

The danger of fire in this demonstration is minimized by the use of 
sand as a base in the pan and the use of very small model trees. 


| | 
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It should be apparent by now that this demonstration may be 
planned cooperatively by the pupils and the teacher or by the 
teacher alone. This demonstration offers other opportunities to the 
teacher alert to the importance of science for elementary school 
children. The teacher has an opportunity to help pupils understand 
the significance of controls and variables in an experiment as well as 
an opportunity for the utilization of the inductive method of teaching. 


NEW HEAD OF NATURAL SCIENCE AT COLUMBIA 


The appointment of Prof. Fred L. Fitzpatrick as head of the Department of 
Natural Sciences at Teachers College, Columbia University, was announced 
yesterday by Dr. Hollis L. Caswell, dean of the college. 

The new department head was born in Iowa City, Iowa, and received the 
doctor of philosophy degree at the University of Iowa. He was on the faculties 
of the Colorado College of Education and Coe College before joining the staff 
of Teachers College as an Associate Professor of Science in 1931. 

Prof. Fitzpatrick is the author, co-author and editor of sixteen books and 
numerous articles on science subjects, including several studies for the United 
States Navy and the United States Joint Chiefs of Staff. He is a Civil Defense 
Zone Commander in New York City and a liaison officer between Federal 
Civil Defense and American colleges and universities. 

He is a fellow of the American Association for the Advancement of Science, 
a member of the National Association of Biology Teachers and holds the rank 
of commander in the United States Naval Reserve. 
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A FEW COMPARISONS BETWEEN ORIENTAL AND 
OCCIDENTAL ALCHEMY 


A. PosTL 
Oregon College of Education, Monmouth, Oregon 


Most students of science have at least a casual acquaintance with 
our Western heritage upon which the culture of our society is largely 
based. Our knowledge of the contributions by the East to our herit- 
age is usually quite scarce and usually emphasizes the differences 
and mysticism rather than the similarities. 

By alchemy one most often understands the pseudoscience which 
had for its aims neither the interest of advancing knowledge about 
our material universe nor the arts or crafts of making certain common 
products involving chemical raw materials or processes which are the 
forerunners of modern chemistry, but rather the mystical art of ad- 
vancing certain more superstitious desires. The demarcations of the 
definition just given, if valid at all, are, of course, not always distinct. 

In a quick chronological review of our ancient chemical heritage, 
we would recognize all three of the aforementioned endeavors: 

1. The earliest period of Babylonian and Egyptian “Arts” and 
“Sciences” dating as far back as 4000 B.c. 

2. The great period of Greek culture dating approximately from 
600 B.c. to 150 A.D. which is most outstanding for its philosophical 
contributions in advancing knowledge. 

3. The period of Arabic alchemy which was at its height toward 
the later part of the first Millennium a.p. 


I. Arms AND ORIGINS OF ALCHEMY 


In this brief outline the interrelation with Far Eastern, more 
particularly Chinese, alchemy is not shown and a casual perusal of the 
literature on this subject will only serve to show the conflicting view- 
points that still exist as to which way the contacts and influences 
were made. 

Before enlarging on these contacts and influences, it might be well 
to point out that one author at least, Chikashige (1), feels that 
Chinese alchemists had a higher aim in their pursuit of making gold, 
which apparently is a common aim of alchemy wherever it was prac- 
ticed, than their Western counterparts. In Chinese alchemy, gold 
was only incidental to achieving the major aim of longevity or im- 
mortality, which was advanced by eating from golden, i.e. most re- 
sistant to change, vessels. Western alchemists’ main aim in produc- 
ing gold was the more mundane one of acquiring wealth. 

Taylor (2) thinks this difference might be used as evidence that 
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the Chinese and Western alchemies were arrived at independently, 
and asserts further that in spite of certain parallelism there are no 
known contacts. 

Moore (3) comes to the conclusion that China might quite possibly 
be the original home of alchemy though he recognizes that Egypt is 
commonly thought to be the place of origin. 

Hopkins (4) asserts a little more strongly that alchemy derives its 
origin from China and distinguishes between the Chinese-Iranian, 
Sabian and the Egyptian-Islamic schools of alchemy. 

Sarton (5) also seems to favor the Chinese origin and supports it 
with the fact that the Egyptians referred to some form of alkali as 
Chinese snow, and also to the early introduction of Chinese porcelain 
into what is now referred to as the Middle or Near East. 

Chikashige (1) believes that Chinese alchemy flourished two or 
three centuries before the advent of Western alchemy and therefore 
argues that Chinese alchemy comes first. He further states that Obed 
S. Johnson in his work “A Study of Chinese Alchemy” also maintains 
that Chinese alchemy antedates Greek by four or five centuries. 
Chikashige traces in his preface the origins of Greek alchemy to Egypt 
via Arabia and Persia. 

Giles (6), however, thinks it beyond question that Chinese alchemy 
was imported from Greece. He cites as evidence that in 126 B.c. a 
Chinese mission to Bactria, then a Greek kingdom, found Chinese 
merchandise already there which does show that prior contact must 
have existed though the evidence cited appears not sufficient to show 
which way the exchange of alchemical ideas went. 

Dubs (7) whose paper deals more specifically with this problem 
states the following: 

There is then good reason to suppose that alchemy arose in China about the 
fourth or third century B.c. from the impact of occidental chemical ideas and 


from a recent familiar acquaintance with gold combined with Chinese philo- 
sophical concepts. 


He states further that: 


“Arabic alchemy is so similar to prior Chinese ideas that its derivation from 
China is certain.”’ And that Egyptian alchemy begins with the first century A.D. 
which could be interpreted that it also is of Chinese origin. 


Lu and Davis (8) feel that if early Chinese alchemical writings 
were influenced by contacts with Egypt, Mesopotamia or India there 


appear no writings on these subjects in the literature of these coun- 
tries as early as the earliest Chinese treatise on the subject. 


II. THe CHINESE CONCEPT OF MATTER 


In the philosophical concept of matter, the Chinese seem to have 
been ahead of the well-known Greek ideas of the Four Elements by 
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Empedocles, to which Aristotle later added the idea of their essence 


-and being fifth is referred to as quintessence. 


The Chinese counterpart to the Four Elements is the Wu-hsing 
or Five Elements which according to Lu and Davis (8) was used as 
far back as the twelfth century B.c. Of these five elements three, 
earth, fire, and water, are the same as the Greeks, but instead of their 
fourth, air, the Chinese have wood and as a fifth gold, or metal. 

The same authors (8) also feel that: 


The wu-hsing are here plainly the constituent elements of material things. Tso 
Ch’in Ming a disciple of Confucius, said that “nature provides the wu-hsing. . . !” 


To Confucius is also ascribed the Book of Change which treats of 
the second important concept, the two contrary principles or dualism 
of Yin-Yang. 

To the influence of Lao-tse or “Tao” is ascribed the principle of 
wu-hsing and the father of Chinese alchemy, Wei Po-Yang, who wrote 
around 142 A.D. a treatise entitled Ts’un T’ung Ch’i was also a Taoist 
philosopher. Lao-Tse and Confucius, however, both lived during the 
fifth and sixth century B.c. which shows that the Chinese philoso- 
phical concepts about matter and change are at least contemporaneous 
with the Greeks if not actually ahead of them. 

The actual practice of alchemy had reached such proportions by 
144 B.c. that the government found it necessary to decree under the 
penalty of public execution to curb the counterfeiting of gold, though 
the making of gold was soon afterward again even publicly tried. 

The quintet of the Chinese elements were also elaborated upon to 


include certain attributes of other properties and of relationships 


among themselves. 
For example Lu and Davis (8) list the following: 


water—soaks and descends becomes salt 
fire—blazes and ascends becomes bitter 
wood—straight and crooked becomes sour 
gold—obeys and changes becomes acrid 
earth—seed-sowing and harvest becomes sweetness 


While some of these can be rather easily seen, it is rather difficult 
to see how true gold changes and becomes acrid when its very nobil- 
ity, i.e. resistance to change, served as the underlying idea for longe- 
vity. Though if one considers that it was thought gold could be made 
from cinnabar (and fool’s gold?) the idea of association with change 
and acrity could be understood. 

In the same article but from Giles’ Chinese-English Dictionary the 
following relationships are shown: 

Metal destroys Wood 


Wood destroys Earth 
Earth destroys Water 
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Water destroys Fire 

Fire destroys Metal 
Metal produces Water 
Water produces Wood 
Wood produces Fire 

Fire produces Earth 
Earth produces Metal 


The quintets were later extended to include such associations as 
with directions, seasons, colors, tastes, etc., until finally under the in- 
fluence of the godess of Alchemy, named Stove, a complete process of 
metamorphosis of chi or effluvia of these quintets resulted later in 
matter-possessing-energy such as is formed in the book Huai-nan-dz 
as shown in the article by Dubs (7). 

If the principle of the wu-hsing may be considered as the basis of 
the material elements and some times these elements appear (to me) 
to take the place of the states of matter, then the second Chinese 
principle of Yin-Yang seems to take the aspect of natural forces 
controlling the universe. The Yin-Yang appear to be two contrary or 
opposing principles having the following characteristics: 


Yin Yang 
negative positive 
shade light 

moon sun 
produces water produces fire 


In summary, my own reactions in reading some of these sources, I 
found the writings on Chinese alchemy less confusing than some of 
the later Arabic or Western alchemical writings, a consideration 
which does not run true to the usual interpretation of things ‘‘Chin- 
ese.”’ Though I am not a Sinophile, my limited perusal of this subject 
leads me to think that they have a good case for early and independ- 
ent alchemy, and the very fact that their alchemical ideas were closely 
linked to the teachings of their great philosophers places their al- 
chemy on a somewhat higher plane. 
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THE TEACHING OF COLLEGIATE MATHEMATICS 


PHILLiP S. JONES 
The University of Michigan, Ann Arbor, Mich. 


Over the period of the past year ScHooL SCIENCE AND MATHE- 
matics has been pleased to present a series of letters addressed to 
a beginning college teacher. Individuals writing such letters have 
generously contributed their time and it is believed that many of 
them will be acclaimed as outstanding teachers. This month we are 
happy to present a letter from Professor Phillip Jones of the Mathe- 
matics Department of the University of Michigan at Ann Arbor. 
Professor Jones has very ably presented several points of view not 
mentioned in preceding letters. 

Cecit B. Reap, Mathematics Editor 


Dear John and Dick: 

I have seen copies of the excellent letters of advice and encourage- 
ment which you have recently received from several of our mutual 
friends. I could second all that they have said: that a good teacher 
must retain and cultivate a sense of humor which will help him to © 
be kindly, considerate, and fair; that he must continue his own mathe- 
matical studies (at least extending, synthesizing, and expounding 
his own understanding if not actually doing original research on ad- 
vanced levels); that there is no single formula for good teaching so 
that although he may well begin by imitating his own best instructors 
he never ends but always develops, modifies, experiments, and evalu- 
ates his own procedures. However, these ideas and more have been 
well presented earlier. Perhaps it will help you if I explain the frame- 
work which I use in analyzing and later discussing with their instruc- 
tors the classes which I visit. 

For this purpose I have six words to which I give my own meanings 
when I use them as criteria for judging classroom performance. These 
are communication, participation, exposition, motivation, mathematics, 
enrichment. 

Communication should be “two way.” For the instructor it involves 
the obvious need to speak distinctly, directly (usually at least partial- 
ly turned toward the class), and with variety. Further, he should write 
legibly with sufficient completeness at the blackboard while avoiding 
excessive use of the eraser. I don’t believe it is necessary to explain 
these further because you must have met somewhere the person who 
mumbles to the board while standing in front of his work. He may 
be the same person who quickly erases a complicated line or two of a 
derivation to make a substitution with the result that you understand 
neither the derivation nor the substitution. 
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The other part of “two-way” communication is also a responsibility 
of the instructor. He must create both the interest and the friendly 
atmosphere or ‘“‘rapport” within his class that they ask questions free- 
ly, share in developments, and perhaps even on occasion assist in 
the exposition by interpreting the remarks of both classmates and the 
instructor. He must also build in his students the habit of speaking 
loudly and clearly enough to be understood by the rest of the class, 
and in himself the habit of waiting for a student to complete his 
question before dashing madly into an answer which otherwise may 
not even be pertinent. 

Participation is of course related to communication, but it implies 
more than merely having student voices be heard. It implies that the 
student is thinking actively even when not speaking, that he is think- 
ing with developments (sometimes ahead of them) so that he is aware 
of the goals sought and could carry on a step or so, ask a good ques- 
tion, or make a suggestion at any stage. 

There is no easy or single prescription for obtaining such participa- 
tion although there are easy and effective ways of insuring against 
it—sneering sarcasm, impatience, too learnedly superior a manner. 
Explicitly setting understanding and insight as a mutual goal of the 
class and the instructor; consistently seeking this goal in your 
expositions, assignments, exams; demonstrating early in the term 
a continuing willingness to answer questions and an ability to re- 
phrase or further illustrate a recently discussed item (you have to 
study, plan, continue to learn and to revise your old plans to do this); 
asking questions yourself, including all as targets but firing easier 
questions at slower students; and best of all, using a heuristic or 
genetic method of presentation are all aids in securing the participa- 
tion of your class. At this point I could wander off into a long dis- 
cussion of heuristic teaching, one of the best and most difficult class- 
room techniques. I will, however, merely recommend to you Polya’s 
How to Solve It (Princeton University Press, 1945), and add the warn- 
ing that, although there is a place and function for the lecture in 
teaching, most beginning teachers of elementary mathematics classes 
lecture too much and sometimes regard ill-planned, impromptu talks 
as lectures. Lectures, if they have to be, should not be stiff and formal, 
they should be “‘extemporaneous,”’ but not “impromptu.” 

The meaning of exposition is fairly clear. The most common diffi- 
culty of a beginning teacher in this respect is failure to be sufficiently 
complete, concrete, and numerical. Sound psychology says, in gener- 
al, proceed from a concrete problem or situation to abstraction and 
generalization, and then return to concrete applications, specializa- 
tions, and illustrations. Remember, not only have you grown tre- 
mendously in powers of abstraction and in perception of relationships 
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and motives, but you probably were far above the average in these 
matters when you yourself were an undergraduate. Otherwise you 
would not be where you are now. We might add that one’s exposition 
should be planned, even to the selection of illustrative problems, 
that meanings should be built up before definitions and theorems are 
given, that terminology should be adapted to the students (don’t 
strive to appear learned by spouting out such words as “field,” or 
“reducibility,”’ or ‘compactness’’). 

Motivation is an old word for psychologists and a fairly new word 
for mathematicians. I use it to imply both the psychologists’ notion 
of creating in your students interest and a desire to learn, and in the 
mathematician’s sense of showing (or leading students to see) the 
reasons why a theorem is formulated or may be expected to be true, and 
the line of thought which suggests the steps of a proof. This type of 
motivation is related to the teaching of problem solving in the broader 
sense and to the heuristic method for which I again recommend 
Polya’s little book. Motivation deserves much more emphasis than I 
can give it in this letter, but I might cite as an example the fact that 
if you have approached inverse trigonometric functions first by point- 
ing out that in solving triangles your students have already had need 
to ask for the angle whose sine is given, if you have then had them 


extend the idea by building a table and from it making a graph, it 


will be easy to prod them into “discovering” for themselves the mul- 
tiple valuedness and discontinuities of the inverse functions. This 
can be made to lead them to see the need for, meaning of, and even 
the definition of the principal values before the definitions are pre- 
sented formally at all. Similarly, if you have taught the factor theor- 
em, it is easy enough to construct an equation with rational roots and 


_ in the process lead students to formulate the theorem on the relation- 


ships between rational roots and the leading and final coefficients of 
a rational integral equation. This motivation has to be followed by 
careful statement (and perhaps re-statement) and proof, of course, 
but the students will learn more about mathematics and mathemati- 
cal thinking even if it does consume more time than would be neces- 
sary to merely state the theorem and breeze through a proof. 

I am pleased to say that so far as mathematics is concerned, I 
rarely have much to criticize in the teaching which I observe. There 
are perhaps only two items which need to be noted here. One is the 
old question of rigor which was mentioned in one or two of your other 
letters. In general, we should not teach anything which must later 
be unlearned, but to attempt to teach freshmen with graduate level 
rigor and/or abstraction is to deny the functioning of that real but 
undefinable “mathematical maturity” which mathematicians acquire, 
and to ignore the varied purposes and achievement levels of our fresh- 
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men. The second problem is that of teachers’ errors. We all make 
them occasionally. I expect we all have been stuck occasionally by 
a student’s question. Dont’ try to bluff them or deny the situation. 
Work it out at the time if it doesn’t take too long or become too in- 
volved. Otherwise, admit your trouble and in the interest of effective 
use of student-class time, promise to (and do) come back with the 
answer the next day. As long as it doesn’t happen too often, you will 
profit both in added recognition from your students of yourself as 
and honest, interested, and human co-worker in their education, 
and also in your own added information and teaching “know how.” 

Enrichment, along with participation, and motivation, are the areas 
in which beginning teachers are most weak. This is because they de- 
pend on facts, insights, and appreciations, both mathematical and 
psychological, which are little taught explicitly but which are gradu- 
ally acquired by interested, alert, conscientious teachers as they work 
at their tasks. Enrichment materials may include historical back- 
grounds and anecdotes, applications, models, diagrams, generaliza- 
tions, specializations, analogies, alternative approaches and proofs. 
Such materials are closely related to both of the aspects of motivation 
which we mentioned. There is not time now to discuss all the possible 
ways of using such materials to introduce a problem, to illustrate a 
point, to vary the class hour, to stimulate or challenge the superior 
student with a project, nor to tell you of the many scattered sources 
for such ideas. You must be alert to acquire and use such ideas and 
facts as you gain experience. 

In conclusion we might note that a teacher’s task is to add some- 
thing to the text and the classhour. A test for his success is “Are 
the students better off for having had him present during the hour?” 
This may sound silly but ask it candidly and with a little thought 
and it isn’t as absurd and meaningless a question as you may think. 
Finally, again, there is no single rule for all times or all persons. In 
fact, I expect there is for every rule a situation in which it should not 
be observed. Conscientiously plan (but be adaptable and plan to 
depart from your plan if student “participation” properly leads away 
from it), continue to be alert for new ideas and interested in both 
students and mathematics and you will grow in one of the most 
important and “rewarding” of all professions. Please, if teaching ever 
entirely ceases to be fun, find some other work to do, but may it 
never cease to present both fun and a challenge to you fellows. 

Best wishes. 

Sincerely yours, 
PHILLIP JONES 


P.S. You will also find some interesting reading in Joseph Seidlin’s 
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A Critical Study of the Teaching of Elementary College Mathematics, 
and in the short article on “How to Study” by W. C. Arnold in The 
American Mathematical Monthly for December, 1940 pp. 740-7. 
Good handbooks for enrichment materials are R. C. Yate’s Curves, 
J. W. Cell’s Engineering Problems Illustrating Mathematics and the 
“survey” texts by Dresden, Merriman, Cooley-Kline-Gans-Wahlert. . 


MAINTAINING LABORATORY HARDWARE 


In order to lengthen the life of ring stands, tripods, burners and 
other pieces of laboratory hardware, they should be given periodically 
a new coat of paint. This is accomplished by first cleaning the cor- 
roded surfaces with steel wool and emery cloth. Each burner should 
be checked to be sure the gas orifice and air vent are functioning prop- 
erly. Very often the gas orifice becomes clogged and needs to be 
cleaned with a sharp fine prod. 

After the surface of the various articles has been properly prepared, 
it should be painted with a non-corrosive, heat resisting paint. Good 
colors are either black or aluminum colored. A ring stand is complete- 
ly repainted; while only the base of the burner is usually repainted. 
Such treatment will not only save money by giving added years of 
service to a piece of equipment, but also the general appearance of 
the laboratory is enhanced by the reconditioned articles. 

GERALD OsBoRN, Western Michigan College of Education 


ORCHIDS TO CASMT ANNIVERSARY BOOK 


Our anniversary book, A Half Century of Teaching Science and Mathematics, 
has received high praise during recent months. Professor J. Russell Bright of 
Wayne University, writes in the Metropolitan Detroit Science Review as introduc- 
tion to his article on science teaching problems in high school and college: “Two 
recent books, which have been especially valuable in the preparation of this pa- 
per, were, (1) the fiftieth anniversary volume, A Half Century of Teaching Sci- 
ence and Mathematics, published by the Central Association of Science and Math- 
ematics Teachers....”’ Dr. William Best in the February, 1952 issue of The 
Mathematics Teacher says: “The chief credit for keeping alive a demand for this 
essential reform belongs to the Central Association of Science and Mathematics 
Teachers. From its Fiftieth Anniversary Volume we quote the following reveal- 
ing statements. ... ” 

Members of the Central Association who do not have this volume should 
order at once (price $3.00). It is more important, however, that our members 
take the responsibility of seeing that a copy of this publication is in every school 
library to serve the teachers in science and mathematics of tomorrow, for whom 
orders will be marked “Supply Exhausted.” Remind the librarian of your school! 
Orders should be sent to Mr. Ray C. Soliday, P. O. Box 408, Oak Park, Illinois. 

THE PROMOTION COMMITTEE 
J. R. Porzcer, Chairman 


VITALIZING THE CLASSROOM—LABORATORY 
AND DEMONSTRATION 


Sam S. BLANC 
East High School, Denver, Colorado 


Laboratory procedures and demonstrations are usually thought of 
as a part of science instruction. However, it must not be assumed that 
these techniques apply only in science classes. . All areas of teaching 
might well use carefully planned laboratory and demonstration 
activities. And, geared to the level of the pupils’ abilities, these meth- 
ods may be used at any grade level of instruction. These are concrete 
experiences in which the pupil is helped to learn by means of a multi- 
sensory approach. 

A laboratory experience may be defined as a learning situation in 
which the pupils in the class are each exposed to many activities 
leading to identical observations and hypotheses before a conclusion 
or generalization relating to these activities is derived. This method 
assumes that the pupils will be carefully guided in their activities so 
that an opportunity will be provided for them to think. Educators 
feel that one of their major objectives is that of teaching pupils to 
solve their problems intelligently. Yet, many teachers fail to make 
the best possible use of the laboratory experience in their teaching. 
Unfortunately, much emphasis is placed on the study of facts and 
principles stated in textbooks without bringing these concepts within 
the activities of the pupils. Good teaching should provide outlets 
and opportunities for the original and creative abilities of pupils 
through laboratory procedures. 

In certain situations the physical limitations of the classroom, or 
the level of maturity of the pupils, will make the use of laboratory 
procedure impractical. In that case, the demonstration might be used 
with good results. Ini the demonstration lesson the teacher, or several 
of the pupils, perform for the class a series of experiments leading to 
some generalization of a principle. The greater proportion of the class 
participates in this activity by observing, asking questions, and, pos- 
sibly, repeating salient portions of the procedure themselves. The 
demonstration, obviously, is not as concrete an experience as the 
actual laboratory experience. Yet, in some cases, it may be a more 
suitable teaching technique. 

The demonstration is a teaching procedure used by teachers in al- 
most every classroom situation. It isa natural tendency for the teacher 
to show the class some object, operation, or relationship of ideas. In 
fact, it may often be observed that the lecture-demonstration is an 
overworked device in the hands of some teachers. But the demonstra- 
tion, properly planned and executed, has a great deal of instructional 
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value. Certainly, the demonstration is more economical in time and 
equipment than the individual laboratory. This procedure also as- 
sures greater concentration of attention and the elimination of dis- 
tracting influences on the pupil. Particularly, at the lower levels of 
instruction, demonstrations offer many teaching possibilities. 

The laboratory and the demonstration offer the opportunity for 
pupils to understand the facts and principles offered in their textbooks 
by means of concrete learning experiences. Much has been written 
about the necessity for incorporating more pupil activity into the 
educative process. These techniques offer a vital means of accom- 
plishing this objective. The main steps which the teacher should keep 
in mind in planning for this method of instruction are: (1) prepara- 
tion, (2) execution, and (3) follow-up. 

In the preparation for both the laboratory and the demonstration, 
the teacher must first consider what objectives related to the unit un- 
der discussion are to be met by means of this procedure. The pupils, 
likewise, must understand why they are to do the experiment or 
witness the demonstration. All the materials needed for the exercise 
should be prepared in advance so that everything is at hand and the 
activity may proceed with dispatch. Sufficient time should be allowed 
for the experiment, but time should not be wasted. Every step should 
be planned in advance. If the experiment has not been tried before, 
the teacher should work through the entire procedure, noting points 
of difficulty and places where help may be given the pupils, before 
the exercise is assigned. A list of items or questions should be placed 
on the board to guide the pupils in their thinking. The main steps 
should be outlined for the class, and any necessary comments, sug- 
gestions, and precautions should be discussed before the experiment 
is begun. 

The execution of the activity may be accomplished by having each 
pupil carry on the experiment, or by demonstration by the teacher 
or by a group of pupils. In either case, the steps outlined on the board 
should be followed, and the questions set up should be answered. If 
certain principles in the textbook are to be verified, the procedure 
should lead the pupils to a logical conclusion concerning these con- 


cepts. Sufficient time should be allowed for the activity, and the 


teacher should move around the room helping pupils make their 
interpretations and to check the work, if the experiment is being per- 
formed individually. If the teacher, or a group of pupils, is performing 
the experiment as a demonstration, summarization should take place 
at intervals, and questions raised by pupils should be discussed. In 
either case, every pupil in the class should be encouraged to observe 
the results carefully and to record his observations in an accurate 
manner. If the procedure involves demonstration, each pupil must 
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be able to see and hear all parts of the activity. Relationships, as they 
develop, should be brought to the attention of the class. 

As a part of the follow-up the teacher should plan the exercise so 
that there is time for a summary. A general discussion of the whole 
procedure might be incorporated into the evaluation techniques. A 
few well-directed thought questions may be used to stimulate pupils 
to form generalizations. At times, a written summary by each pupil 
may be called for. A good point to check at this time is whether the 
pupils understand why various steps in the experiment were per- 
formed, and whether they are able to visualize how the activity is 
related to the unit they are studying. If this part of the evaluation 
discloses that some parts of the whole procedure were not fully under- 
stood, it may be well to plan on repeating key portions of the experi- 
ment. If interest is discovered on the part of some pupils in certain 
aspects of the exercise, encouragement should be given for independ- 
ent study along that line. And lastly, if other instructional materials 
would seem to be of value to help clarify the concepts and principles 
brought out, their use in the unit should become a major part of the 
follow-up. 


TEACHING FRACTIONS BY THE BOTTLE 


No doubt every teacher of an Algebra class has encountered a stu- 
dent who has never learned or to be charitable has forgotten how to 
add ordinary fractions. Such a student does not hesitate to say that 
3+%= 4. After some experience with this problem, I obtained from 
our Chemistry Department several small bottles of uniform size 
and a larger bottle filled with white sand. When I encounter such a 
student, I bring him to the front of the room, request him to fill one 
of the smaller bottles one-half full of sand. I then have him fill a 
second bottle two-thirds full of sand. I then point out that if his 
reasoning is correct, if he will empty each of these bottles into a 
third it should be three-fifths full. Obviously he recognizes his mis- 
take and we have an opportunity to discuss the proper procedure. 
I find it rarely necessary to “bring a student up on the bottle” more 
than once in any term. 

Cecit B. Reap, University of Wichita 


Plastic pipe fittings in sizes from } inch to four inches in diameter are fitted 
quickly to Tenite plastic pipe by a cement and solvent. Special flange unions 
and adapters join the plastic pipe to steel. Made either of transparent or black 
plastic, tees, elbows, laterals and other couplings also are available in other colors 
on special order, 
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SCIENCE EDUCATION AND WORLD 
UNDERSTANDING* 


GEORGE GREISEN MALLINSON 
Western Michigan College of Education, Kalamazoo, Mich. 


It is common knowledge that the curriculum in the public schools 
has changed greatly during the past one hundred and fifty years. 
As the schools have increased in number and have extended their 
activities into the secondary level, many new courses have been 
added, and many others modified. 

These changes were especially marked in the early twentieth cen- 
tury. Shortly after World War I, a group popularly known as “‘the 
new population” entered the schools. This group was not satisfied 
with, nor suited to, the college-entrance curriculum. Hence, by evolu- 
tion and revolution, many changes took place that are too extensive 
and too controversial to deal with here in toto. Therefore, this dis- 
cussion will be limited to those in the field of science. 

The science curriculum has been subjected to much revision. The 
atomistic courses of meteorology, physiography and astronomy 
were combined into general science. Botany and zoology were com- 
bined into general biology, and now the merger of chemistry and 
physics into general physical science is imminent. 

Other changes were also taking place. Social objectives were estab- 
lished as goals for courses in science. Among the more important of 
these were health, conservation and consumer efficiency. A number of 
schools “‘went off the deep end” and established special courses in 
health science, conservation science and consumer science. Few of 
these courses were successful. The proponents of such courses had 
confused outcomes of science teaching with subject matter. But, the 
values of these objectives were recognized, and where feasible, ma- 
terials from these areas were incorporated within the framework of 
the existing science courses. Also, efforts were made to develop desir- 
able attitudes on the parts of students with respect to these areas. 

More recently, the technology of World War IT has been responsi- 
ble for many additions to the subject matter in science courses. 
Also, another social objective has been added, namely, that of using 
science for improving world understanding. 

There are many indications of interest in this phase of educational 
experience. UNESCO, for example, has established under each of 
its state councils a Committee on Natural Sciences that is charged 

* An address delivered before the Science Group Meeting (combined meeting of Biology and General Science, 
Geography, Chemistry and Physics, and Conservation Sections) of Region Eight, Michigan Education Associa- 


tion, at Kalamazoo, Michigan, October 11, 1951. Dr. Mallinson is chairman of the Committee on Natural 
Sciences, Michigan Council for UNESCO. 
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with preparing materials that deal with world understanding for use 
by teachers in science classes. Many materials for this purpose have 
already been developed by the United States Commission for 
UNESCO. The Central Association of Science and Mathematics 
Teachers has indicated its interest in this objective also. At the 1951 
meeting in Cleveland, Ohio, Dr. E. C. Stakman, Chief of the Division 
of Plant Pathology, University of Minnesota, discussed at a general 
meeting the topic, “Science and International Understanding.” 

However, it is somewhat useless to repeat constantly the need for 
such an objective in science teaching without suggesting certain ma- 
terials or activities that may be of value for contributing to its 
attainment. 

First, it must be emphasized that a sudden burst of enthusiasm 
to develop world understanding in students is likely to result in 
frustration, and the ensuing disinterest, on the parts of both teacher 
and student. A single teacher, or for that matter an entire generation 
of them, is not likely to eradicate the seeds of world distrust when 
such distrust among peoples has been present for centuries. This 
however need not be discouraging. The impact of a molecule on the 
walls of a container is small, yet enormous pressures are produced by 
large numbers of them. Thus, the teacher must be ready to make a 
small contribution to world understanding in the knowledge that a 
large number of such contributions will produce tangible results. 

Specifically then, what can the individual teacher do to develop 
world understanding on the part of the students? The numbers of 
possible topics and activities are too great to list all of them here. 
Therefore a few suggestions will be given for each of the subject- 
matter areas represented at this meeting. No specific suggestions 
will be given for general science, since those given for the other areas 
may be modified for use in this subject. 


For the field of Biology: 


The field of biology is one of the areas in which there are many 
topics of value for developing world understanding. The first of these 
deals with concepts of race: 

1. The chances for a child born tomorrow to be white are about 
one in four. If American whites adhere strictly to the ‘‘color line,” 
they will have to consider as colored their fellow “whites” of India, 
and some of those in the Middle East and Mediterranean areas. 
Thus they will find themselves an incredibly smug minority. This, 
in and of itself, should convince the students that the “white master 
race” is a myth. 

2. It may be well to discuss the actual coloring matter in the skins 
of the various races. The skin of the Negro contains a high concentra- 
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tion of melanin, the very same material found in the highly-prized 
tan of the “‘white” sun-bather. The yellow of the Oriental is caused 
by a concentration of carotene, a material similar to Vitamin A. 
Without a goodly quantity of this material any member of any race 
would soon die. These facts may well serve to increase the realization 
of the fact that there is only one race, that is, the human race. 


3. There is no scientific evidence whatsoever that blood from any 
member of any race can be distinguished chemically from that of 
any other. The blood types of all races are the same. Perhaps an 
awareness of this fact may influence the United States Armed Forces 
and other custodians of supplies of plasma and whole blood to refrain 
from separating them on the basis of racial origin. 


4. The author recalls that when he first taught biology in the 
public schools of New York State he spread a number of palpable 
untruths concerning the relative amounts of intelligence in the 
various races. As a result of his training, he glibly informed the stu- 
dents that the white race was endowed with the greatest amount of 
intelligence, that the Indians and Orientals vied for second place, 
while the Negroid (not the Negro) was inevitably doomed to be last 
in the running. Such assertions were of course made in ignorance of 
the truth. Nevertheless this does not justify them. 


Recent evidence, uncovered through scientific and psychological 
study, indicates clearly that one race is as intelligent as any other. 
One study at Northwestern University revealed that “colored” 
infants performed better on tests designed to measure intelligence 
of infants than did “white” babies. Differentials in results on intelli- 
gence tests are actually measures of differentials in the cultural en- 
vironment. When other races and cultures are measured on the white 
man’s tests, they are bound to show inferiority. Would not the same 
be true of the white man, if he were measured on a test based on the 
experiences of the other races and cultures? It may be worthy of 
thought that a baby chimpanzee could have done better than any 
human baby on that intelligence test. Facts such as these, when 
brought before the students, may well increase world understanding, 
and reduce racial misunderstanding. 


5. Perhaps far more important than any of the previous suggestions 
is a field in which world understanding is an accomplished fact. 
Certainly any present-day biology class studies the effects of drugs 
and narcotics on the human body. Yet, it is unlikely that many 
teachers discuss the international implications of them. At present 
there is an international pact among most of the nations on earth, 
including many behind the “Iron Curtain,” for inspection of drug 
traffic. Hence, it is possible to show science students that where an 
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honest meeting of minds can be accomplished, world understanding 
is a fact. 


For the field of Geography: 


Geography in its very essence demands world understanding. All 
good geography teachers recognize that geography is represented by 
the study of regions. Hence what is here suggested is probably carried 
out by most geography teachers. Therefore, these suggestions are 
purely for emphasis. 

1. The regional concept of geography, for example, would negate 
teaching the Arctic Region as unique to North America to the exclu- 
sion of Asia or Europe or vice versa. The analogy carries also toa 
study of the Antarctic. The earlier concept of teaching the Mediter- 
ranean area as a succession of countries no longer makes sense. 

Many specialists in the field of geography decry the fact that 
many teachers still teach geography as though the earth were flat. 
It has long been emphasized that the shortest distance between two 
points on the earth is a straight line. Thus the straight line from Min- 
neapolis to Tokyo crosses Canada, Alaska, comes close to parts of 
Siberia and finally reaches Japan. Thus, a discussion of travel must 
involve not only the temperate zones but also the semi-arctic. In 
addition, economic, political and diplomatic aspects of international 
traffic should be included. If not, such a discussion becomes meaning- 
less. These views were emphasized strongly at the meeting of the 
National Council of Geography Teachers at their Thanksgiving 
Convention in Cleveland in 1949. 

2. One of the more important committees established by UNESCO 
is entitled the UNESCO Arid Zone Project, Interim International 
Arid Zone Research Council. A number of surveys by UNESCO indi- 
cate that about two and one-half acres of arable soil are needed to 
feed each human being. At the present time the world average is 
about one and one-half acres per person and they are not distributed 
as is the population. There are two ways to improve this situation. 
The first, a reduction of the population to fit the land resources, is 
not feasible for many reasons. Hence, it was decided by the Council 
to devote finances and energy to the second, namely, the develop- 
ment of arid and semi-arid regions in which many of the world’s 
population live. It was decided that this could be accomplished only 
by international cooperation on the plane of scientific and technical 
research. This was to be implemented by a committee composed 
“of seven members of different nationalities . . . from scientists and 
engineers competent in scientific and technical problems concerning 
arid and semi-arid regions.”’ 

How then can a geography teacher discuss the development of an 
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arid region in the United States without bringing in the implications 
of the development of arid regions of the world? A discussion of efforts 
to improve other arid regions is likely obviously to convince students 
of the need for cooperating with others who face similar problems. 

3. At present there is a problem much closer at hand. The study 
of projects such as that of the controversial St. Lawrence Seaway 
cannot reasonably be approached from the viewpoint of American 
interest alone. Since the St. Lawrence River has two sides, and 
Canada is on one of these, any discussion must involve with equal 
emphasis the political, social and geographical interests of Canada. 
The question is, “When the project is discussed in the classroom, to 
what extent is Canada included?” 

A number of geographical implications for improving world under- 
standing are beyond the ken of the author who is a novice in the area. 
Hence he prefers to stop here. 


For the field of Physical Sciences: 


The number of topics of physical science that may well enhance 
world understanding are multifold. Therefore, only a few that seem 
to be of greatest importance will be mentioned. 

1. The modern concept of weather deals with global movements 
of air masses. Cold air masses move from the Arctic regions, not from 
the northern border of the United States. Warm air masses move 
from the Tropics, not from the Gulf States. Students who study 
weather in their courses may be made clearly aware that without 
the cooperation of the Canadian Meteorological Service, the work of 
the United States Weather Bureau would be immeasurably more 
difficult. 

Further it needs to be emphasized that many weather stations in 
the Arctic are operated jointly by the United States and Canada. 
In addition, weather conditions over Europe and many areas of 
Asia are constantly being radioed from these regions as well as from 
parts of South America. Without cooperation from peoples in these 
areas, the prediction of weather, which is so important to our national 
economy, would be severely restricted. Hence, in discussing weather 
the need for international cooperation should be stressed. 

2. The astronomer realizes, although many science teachers may 
not, that the world experiences but seven eclipses per year. The 
United States is not hallowed ground for the resultant shadows. 
For successful study of them, cameras and equipment must be trans- 
ported to the places where they may be observed. One recent eclipse 
had to be studied in the African veldt, another in Ecuador. 

Also, from any point on the earth only about one-half of the 
heavens are ever visible. Hence our knowledge of the other half of 
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the heavens depends on information disseminated freely by people 
who live on the other side of the earth or by receiving permission 
from them to study the heavens from their homelands. 

3. The geologist interested in large meteors and meteorites must 
search for large craters. Such large craters are few. Among them are 
the “‘Crater Mound” in Arizona, the one in Siberia, and the recently 
discovered Chubb Crater in Canada. Thus, much of our knowledge 
of meteorites must depend on the pooling of information at the inter- 
national level. 

4. Finally, the development of atomic energy for any purpose 
depends on uranium ores from the Belgian Congo, from the new 
sources discovered in South America, and from the areas near Radi- 
um, Canada. Our own rapid development of atomic energy has de- 
pended on the work of Meitner, Einstein and Szilard from Central 
Europe, Fermi from Italy, Bohr from Northern Europe, as well as 
on the distinguished work of many great American scientists such 
as Urey, Oppenheimer and Smyth. 

It is platitudinous to state that control of atomic energy is an inter- 
national problem. It must be brought forcibly to students that the 
entire history of atomic energy involves the names of thousands of 
well-known, as well as an equal number of unsung, workers from 
foreign lands. Without their contributions our atomic development 
would be nonexistent. 


For the field of Conservation: 


The need for international understanding in the problems of con- 
servation is great. America has, among others, plagues of the Norway 
rat, the Japanese beetle, and the Mediterranean fruit fly. Once such 
parasites have arrived, it is almost impossible to get rid of them com- 
pletely. Control must be exerted at the source and this can be done 
only by cooperation at the international level. There are many other 
specific examples for developing international understanding where- 
ever conservation is studied. 

1. The maintenance of the seal population of the Pribilof Islands 
has resulted only from international cooperation among the United 
States, Russia, Great Britain and Japan. While the author is far 
from being an apologist for the U.S.S.R., this pact certainly should 
give some thought for the confirmed pessimist. At least the United 
States and the U.S.S.R. can agree on something. Perhaps, an aware- 
ness of this on the part of our students would help abolish the all- 
too-prevalent attitude of complete fatalism for inevitable conflict. 
If the use of common sense is evident in one area, there is always 
some hope for its appearance in others. 
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2. A few years ago a major catastrophe was impending the cattle 
population of the Southwest. The dread hoof-and-mouth disease 
was running rampant in Mexico and was an almost inevitable threat 
to the cattle of Texas, Oklahoma, New Mexico and Colorado. No 
wall, even one a mile high made from a ten-foot thickness of concrete, 
could have prevented its spread over the border. Hence, a major 
project was undertaken cooperatively between the Departments of 
Agriculture of the United States and Mexico. Teams consisting of 
both Mexican and American scientists travelled through Mexico 
locating, segregating and destroying diseased cattle. The well cattle 
were inoculated to prevent further spread of the disease. The proj- 
ect was financed jointly by the United States and Mexico. Now, 
the impending disaster has been checked and constant vigilance on 
an international basis will complete the task sometime in the future. 

3. Soil erosion is of course a problem that is world wide. The 
amount of soil lost each year in this process staggers the imagination. 
A recent study indicates that the soil dumped into the Atlantic Ocean 
each day by the Mississippi River alone is sufficient to fill a train 
four hundred miles long. One way to prevent such erosion is to plant 
vines and shrubbery that will reduce these soil movements. It may 
be brought to the attention of the students that there were no such 
vines and shrubs in the United States that were sufficiently effective. 
It was only through investigation of foreign shrubs and vines that 
one was discovered, that is, an oriental plant known as kudzu. Here 
again, the United States can thank a foreign land for an immeasurable 
contribution to its agricultural economy. 

4. Last, but not least, although he is known as a “benefactor of the 
South,”’ the entire nation owes an enormous debt of gratitude to 
George Washington Carver, the son of a slave. To a member of a 
race considered “‘second-class’” all over the United States, much 
credit is due for the revival of a worn-out Southern agricultural 
economy. Perhaps it is here that one might give thought to Northern 
provincialism. A well-qualified historian or geographer realizes that 
that Mason-Dixon line is a myth in any sense of the term. We, as 
Northerners, often accept the Southerners, and likewise, they us, as 
people whose interests differ. Such an attitude is too ridiculous 
to either defend or refute. Perhaps then we should discuss in class the 
influence of George Washington Carver on the economy of the United 
States, not on mythical regions that have been set up. 


SUMMARY 


The author does not wish anyone to gain the impression that he 
considers that he has startled the world with this presentation. It 
represents a plagiarism of the thinking, as well as the words, of others 
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far more competent than he. He recognizes that many teachers of 
science have been following in class for years the suggestions given 
here. Many have gone far beyond this. 

Perhaps, however, the reiteration of the obvious may help the 
teacher to plan for a greater emphasis on these topics in the class- 
room, and perhaps to present more extensively, other implications. 
Then truly science education can make its seemingly small, but 
actually great, contribution to world understanding. 


LESS MONEY FOR EDUCATION 


American cities spent less per school child last year than for either of the two 
preceding years in terms of uniform purchasing power. This reduction occurred 
in the face of a rise of the nation’s income after taxes of $55 per person. 

In announcing this decrease, Earl James McGrath, U. S. Commissioner of 
Education, called the curtailment in education a shocking condition. “The 
nation’s need for responsible citizens in the crucial years ahead calls for the most 
effective education within our means,” declared Dr. McGrath. “It must be 
provided now. We cannot afford a further reduction in educational standards 
in our public schools. The actual educational investment in each boy and girl 
attending school last year dropped by six dollars in terms of uniform purchasing 
power as shown in the Consumers Price Index, 1950-51 base.” 

The decrease in real current expenditure was shown in a study by the Office 
of Education of the Federal Security Agency, covering public school systems in 
259 cities ranging upwards in population from 2,500 and representing every area 
of the nation geographically. “Current expenditure” as defined in the study 
includes all school-year expenditures for full-time public schools except for 
capital outlay and interest. 

The full report of this study is published as Circular No. 337. It continues 
the series of annual reports on similar studies which the Office of Education 
has produced since 1918. 


ICIRI TO PUBLISH NEW MAGAZINE 


The International Council for the Improvement of Reading Instruction has 
decided to expand its professional bulletin, The R.ading Teacher, into a full- 
sized magazine beginning with the fall issue. The decision was reached at the 
Council’s Triennial Meeting held at the Paramount Hotel, New York City, on 
Saturday, April 26th. The change was agreed upon because of the successful 
reception of the bulletin and the obvious need for a more complete professional 
reading journal. Nancy Larrick, the present editor of the bulletin and the 
person most responsible for its excellence, will continue as editor much to the 
delight of the Council. 

The Council also elected new officers at the Triennial Meeting. Albert J. 
Harris accepted the office of president from the retiring president, Gerald A. 
Yoakam; Paul Witty was chosen president-elect. With this leadership, a revised 
constitution, a professional magazine in the the making, and a membership of 
about 1500, the ICIRI looks back at a successful past and a very promising 
future. 

Headquarters for the International Council for the Improvement of Reading 
Instruction is located at The Reading Laboratory, University of Pittsburgh, 
Pittsburgh 13, Pennsylvania. 


HOW SHOULD MODERN PHYSICS BE HANDLED 
IN A GENERAL PHYSICS COURSE?! 


J. RicHARD WEAVER 
Bluffton College, Bluffton, Ohio 


Physics in the past fifty years has put on new clothes. From an 
essential but rather uncolorful supporting role for engineering and 
the other sciences it has rather suddenly been pushed out into the 
spotlight. Whereas fifty years ago positions for physicists as such were 
limited largely to the academic field, today large numbers of physi- 
cists are employed by industry on the same basis as chemists and en- 
gineers. Newspapers, magazines, and comic books popularize develop- 
ments in physics. These changes have resulted largely from the suc- 
cessful excursions of physics into the sub-microscopic realm. The 
experiments which were used and the ideas which evolved in the 
course of these excursions constitute the major part of that branch of 
science which has come to be called “modern physics.” ' 

These developments have affected not only the appearance of 
physics, but, if I may continue the figure, its personality as well. The 
new knowledge seems to require a fundamental revision of our ideas 
of the nature of physical laws. We are told, for example, that we can- 
not make simultaneous measurements of the position and momentum 
of an electron, not merely because of the imperfections of our instru- 
ments, but rather because our concepts of position and momentum 
are derived from observations on large objects and cannot be applied 
without modification, to electrons. Physicists who choose to “‘philos- 
ophize” do not agree on the emphasis to be placed on this aspect of 
the subject. Some emphasize the completely revolutionary nature of 
the new concepts, while others point out that the fundamental 
methods and approach of physics are still valid, and that it is not at 
all surprising that extrapolation to sub-microscopic phenomena of 
generalizations founded on experiments in the macroscopic realm 
should fail. Among the latter are frequently authors of general physics 
texts who sense a need for justifying to students, to whom physics 
means radar and atomic fission, the study of weightless pistons and 
frictionless springs. 

To the teacher of general physics, all of this poses an impossible 
task. Because of the great significance of these developments—a 
significance which is certain to increase with time—it is only fair to 
devote considerable time, not only to the more important applica- 
tions of modern physics, but also to some of the fundamental concepts 
and experiments which have made possible these applications. In 


! Paper presented at the Annual Convention of the Central Association of Science and Mathematics Teachers, 
Junior College Section, November 24, 1951. 
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this age every educated person should be as familiar with the Michel- 
son-Morley experiment, the photoelectric effect, the Compton effect, 
and Davisson and Germer’s discovery of the diffraction of electrons, 
as he is with Edison’s invention of the electric light. How can a dis- 
cussion of these and other equally important experiments be incor- 
porated within the framework of a general physics course? 

Textbook writers have generally attempted to answer this question 
by introducing after the discussion of the five traditional branches of 
physics, a sixth section on modern physics. This procedure has several 
difficulties. There is first of all the logical objection that modern phys- 
ics is not a branch of physics like the other subdivisions, but is 
rather an alternate approach to all of these fields. It attempts to pre- 
sent generalizations which are more comprehensive than those of 
classical physics and to include the latter as a special case. A second 
and more important difficulty is a practical one. Through the years 
the content of ‘“‘General Physics’ has become so crystallized in scope 
and level that, in spite of the best efforts of the instructor to acceler- 
ate the course, little time is left for the modern physics section. 

Would it be possible for the fundamental ideas of modern physics 
to be introduced at the beginning of a general physics course rather 
than at the end? 

The first reaction of most people (including the writer) to this 
question is an unequivocable answer in the negative. How can a stu- 
dent understand modern physics without having had the foundation 
of classical physics? How can the question of the wave or particle 
nature of electrons be discussed before the student has developed 
the concept of waves and particles on a macroscopic scale? How can 
the relation between the uncertainty in the momentum and in the: 
position of a particle be understood before momentum is defined? 
How can highly mathematical theories be introduced to students with 
little mathematical background? These and many other difficulties 
are immediately obvious. 

It is possible, however, that some of these objections may be more 
apparent than real. We who have been through the mill tend to forget 
the travail with which some of the more familiar concepts were born 
in our minds, and so to under-estimate the value of a new approach, 

Fundamentally, the problem which all of us, teachers and students 
alike, have in interpreting modern physics liesin our resistance to the 
idea that the language which we have developed through our expe- 
rience with familiar objects is not applicable to the sub-microscopic 
world. Professor Margenau in discussing ‘“The Fundamental Nature 
of Elementary Particles .. .”’ states: 


Electrons and photons are neither particles nor waves. They are no more one 
or the other than they are hot or cold, red or blue. And in saying this one should 
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int out with particular emphasis that this is not an admission of ignorance. 

e mean to claim it as a positive fact that an electron is neither particle nor 
wave, and we deny that we don’t know what it is. As will be seen below, the physi- 
cist has very accurate knowledge of an electron’s nature; interestingly enough it 
is a kind of knowledge not translatable into terms like wave, particle, red, blue, 
hot, cold. Why, after all, should it be thus translatable? If a visible object failed 
to have visible qualities, there would be cause for amazement. If an intrinsically 
invisible construct does not display them, consistency and orderliness seem to be 
furthered rather than impaired.? 


Now such assertions are strange and illusory. But the point is that 
they are equally as strange to the classical physicist as to the unini- 
tiated student, in fact, the latter may even have the advantage. Not 
having given much attention to the nature of waves and particles, 
he is less disconcerted by the wave-particle dilemma. The physicist 
must revise not only his common-sense impressions but much of his 
scientific thinking as well. The student, free of the scientific preju- 
dices, has only one strike against him instead of two! 

But if the electron is not to be introduced to the student in terms 
of a wave or particle, in what form is it to be described? What is the 
“very accurate knowledge of an electron’s nature” to which Pro- 
fessor Margenau refers? To be meaningful to the student the de- 
scription must relate, in some way, to his past experience. It may 
involve two parts. It must consist, first of all, of the sum total of a 
large number of experimental observations. It should be repeatedly 
emphasized to the student that we know electrons, as we know this 
table, by their effects on our senses. We observe the deflection of the 
spot on a cathode-ray tube, the photograph of an electron-diffraction 
pattern, the deflection of a meter needle when a diode is inserted in a 
battery circuit one way but not the other, and other similar observa- 
tions. Any description that goes beyond the experimental observa- 
tions is uncertain; any description that ignores any of them is incom- 
plete; any description that contradicts any of them is in error. For 
convenience, a large number of related observations may be grouped 
together and stated as a scientific law. The description may also in- 
clude, however, a scheme for predicting additional phenomena, and 
for correlating those already observed. The scheme is always subject 
to revision, but it gains credence as the number of verified predictions 
increases. The scheme may be said to “explain” the observations, 
but this is to be understood in a relative sense since science never 
attempts ultimate explanations. If two schemes explain all the ob- 
servations equally well, both must be considered equally valid, al- 
though the simpler one is usually accepted. A satisfactory scheme is 
usually called a scientific theory. For observations on electrons, the 
generally-accepted theory is quantum mechanics. 


2H. Margenau. The Nature of Physical Reality, p. 321. McGraw-Hill, New York, 1950. 
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Quantum mechanics is not ordinarily taught in a very convincing 
manner on an elementary level because of the mathematical diffi- 
culty involved. When we contrast physical theories of recent origin 
with those of a century ago, we are struck by what appears to be a 
much greater dependence on mathematical formulation by the pres- 
ent theories. The writer believes that this is only partly due to the 
intrinsic nature of the theories. The kinetic theory of matter, for 
example, treated rigorously, is extremely complex and highly mathe- 
matical. But this does not prevent our presenting to students a 
drastically simplified version of the theory and citing it as a particu- 
larly fine example of a scientific theory, in spite of the fact that this 
version gives an incorrect result for some of the quantities which it 
should be able to predict.* The essential features of the kinetic theory 
were recognized by Bernoulli and other mathematical physicists a 
century before the theory came into general acceptance. Its useful- 
ness as an aid in correlating physical phenomena only became ap- 
parent when the ultra-simplified version was given by Joule. 

Perhaps it is not possible to present a simplified form of quantum 
mechanics or relativity analogous to our treatment of the kinetic 
theory. We are told that such simplification would sacrifice the very 
essence of the theories. Yet physicists do exactly this when they 
treat any but the simplest of quantum-mechanical systems, for the 
mathematics very soon becomes so involved that more or less drastic 
approximations are necessary to obtain a solution. This, it is felt, in 
no way compromises the validity of the theory, but is only an ad- 
mission of inability or unwillingness to carry out the required mathe- 
matical operations. 

Suppose this approximation process were extended to bring the 
theory within the range of the average general physics student. What 
would such an abbreviated quantum mechanics look like? Time does 
not permit detailed suggestions in answer to this question, but a pos- 
sible general direction will be indicated. The precise form of the de- 
velopment would have to depend on the inclination of the teacher 
and the average level of mathematical attainment of the students. 

The postulates of quantum mechanics have been stated in many 
different ways. All of those with which the writer is familiar are 
based, however, on two fundamental assumptions: (1) that all ob- 
jects or groups of objects of interest to the physicist—electrons, pho- 
tons, atoms, as well as macroscopic systems—can be represented by a 
mathematical construct sometimes called a “‘wave function” or 
“state function,” and (2) that all the observable properties of the 


‘ Derivations of the kinetic theory as given in elementary physics texts frequently neglect the difference be- 
tween the root mean square and average velocities, for example, and thus give an incorrect result for such observ- 
able properties as the rate of effusion of a gas from a small hole. 
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object or group, such as position, momentum, and energy, in so far 
as they can be determined, are related to the state function by certain 
definite rules. While usually stated in a rather highly mathemati- 
cal form, the statement of these rules can be greatly simplified. For 
example, the very simplest systems, the “free particle” and the “‘par- 
ticle in a one-dimensional square well’ can be solved reasonably 
satisfactorily using a graphical representation of the state function 
as a sine wave, or as the superposition of sine waves. The use of cal- 
culus, exponential functions, and imaginaries is not required. The 
observables may all be interpreted in terms of the wavelength and 
phase relations of the sine functions and the two principal distinctive 
features of quantum mechanics, the uncertainty principle and the 
quantization of momentum and energy are illustrated. Extension to 
atomic systems can then be made by reasonable qualitative argu- 
ments. Firally, for systems in very high quantum states, further ap- 
proximations may be made, and the concepts of force and acceler- 
ation emerge. 

Emphasis should be placed on the fact that the present theory 
is not satisfactory for nuclear particles. Just as the extrapolation of 
classical theory from 10-* to 10-® cm. failed, so the extrapolation 
from 10-* to 10-"* cm. likewise breaks down. The development of a 
more comprehensive theory which would include the explanation of 
nuclear phenomena is the foremost problem of physics today. 

Shorn of its mathematical mysticism, such a simplified quantum 
theory presents a framework within which the phenomena of both 
modern and classical physics can be coordinated. For the teacher 
who believes that the principal value of a general physics course is to 
give the student an understanding of how a quantitative science 
works, its use should be a step in the forward direction. It illustrates 
the characteristics of a modern physical theory—its insistence on 
consistency, on an unprejudiced dependence on experiment, and .a 
clean distinction between theory and experiment—more sharply 
than the older theories. It emphasizes at the same time the unity of 
physical phenomena and the importance of individual experimental 
observations. It gives a perspective, both of the relation of physics 
to the other sciences and to philosophy, and of the relation of the 
branches of physics to each other. 

The principal objection to the introduction of these ideas early in 
a general physics course is that their demand on the student’s powers 
of abstract thinking is too great. This is a valid objection. In con- 
sidering it, however, we must not forget to review carefully the simi- 
lar demand made by our present Newtonian approach. The chief 
difference between the two is that the quantum theory makes the 
requirement openly and directly whereas in the classical approach 
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it is camouflaged by the use of words and ideas from the ordinary 
vocabulary, so that the student is easily lulled into a false feeling of 
comprehension. We do the student an injustice, for example, when 
we give him the impression that the physical concept of force is equiv- 
alent to his idea of ‘“‘a push or a pull.” He soon finds that to solve 
problems involving forces he must invent pushes and pulls in an ap- 
parently haphazard manner. He is not convinced that an automobile 
pulling away from a stoplight is being “pushed forward” by the 
road, or that while going around a corner he is not being pushed 
outward. Consequently, he cannot appreciate Newton’s laws as broad 
generalizations of a great deal of human experience. As Professor 
Howe states in the preface to his text, “most beginning students do 
not accept the laws as correct descriptions of their personal observa- 
tions; many give only lip service, and that inside the classroom.’ 

A brief glimpse at the history of the force concept shows that our 
present-day students are not without precedent in this difficulty. 
Galileo, Descartes, Leibnitz, and even Newton used the word force 
(vis) sometimes ambiguously, and almost always in a different sense 
from what we use it today. To Galileo and Newton it meant the 
quantity which we call impulse. Descartes used it in the sense of 
momentum, giving it considerable metaphysical significance, and 
Leibnitz used it for our word work. It became a matter of debate 
whether the “force of motion” was the product of mass and velocity 
or of the mass and the square of the velocity. The situation was finally 
clarified by d’Alembert who wrote in 1743 in a very modern tone: 
All that we see distinctly in the motion of a body is that the body traverses a 
certain distance and that it takes a certain time to traverse that distance. It is 
from this one idea that all the principles of mechanics should be drawn, if we 
wish to demonstrate them in a clear and accurate way; so no one need be sur- 
prised that for this reason I have turned my thought away from causes of motion 
to consider solely the motions that they produce; and that I have entirely ex- 
cluded forces inherent in bodies in motion, obscure and metaphysical entities 
which can only cast shadows on a science that is in itself clear. 

... as we have no clear and distinct idea of the meaning of the word force, 
except when we restrict the use of the word to express an effect, I believe that we 
ought to leave everyone free to make his own choice, and then there will be noth- 


ing left in the question except either a futile metaphysical discussion or a dispute 
about words unworthy of the cosnsideration of philosophers.® 


It is only when the student comes to the realization that we do not 
observe forces but only the effects of forces, and that—physicists 
and laymen alike—we assume the existence of forces to explain these 
effects, that he can appreciate fully the value of Newton’s laws. The 
scientist’s assumption of certain forces may differ from that of the 
layman’s. He justifies his choice by the fact that, taken together with 


« Howe: Introduction to Physics, p. v. McGraw-Hill, 1948. 
5 Magie; A Source Book in Physics, pp. 55, 57. McGraw-Hill, 1935. 
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Newton’s laws, it gives a consistent scheme for predicting the ob- 
servable quantities of motion, i.e., displacement, velocity, and ac- 
celeration, for large bodies. It is in this sense, and this sense only, that 
Newton’s laws become an accurate generalization of experience. 

This point of view is very close to that which we are forced to take 
in considering the quantum theory. The introduction of the force 
concept as a special case of the more general theory might remove 
much of the frustration experienced by students in trying to under- 
stand Newton’s laws. The first applications would be in the realm of 
molecular physics where the assumption of no air resistance or fric- 
tional losses is not a fiction and is generally accepted without resist- 
ance by the student. In going to large bodies the force of friction 
enters naturally from the study of intermolecular forces. The student 
need not be haunted by visions of blocks sliding forever on friction- 
less planes and pendulums vibrating indefinitely without external 
impetus. The distinction between observables and assumed quantities 
would be clear, the procedure for assigning forces would be definite, 
and the student could move far more rapidly in the assimilation of 
the fundamentals of classical mechanics. 

It is possible, therefore, that the introduction of modern physics 
at the beginning of the general physics course would have a two-fold 
advantage: (1) It would acquaint the student at the start with the 
most significant applications of physics today, including those of 
particular interest to students of chemistry, biology, and the other 
sciences, and (2) it would lead to a more rapid comprehnesion and a 
more thorough understanding of all branches of classical physics. 

To put such a program into practice at the present time, of course, 
requires a great deal of ingenuity and careful preparation. It should 
stand as a challenge to teachers and textbook writers until its value 
is proved or disproved. 


AIRLINER CAN BE DROPPED 10,000 FEET IN A MINUTE 


A big multi-engine airliner can be made to drop 10,000 feet in a minute by 
reversing the thrust of the propellers in flight. 

Curtiss-Wright Corporation officials who demonstrated the quick drop system 
listed three advantages: 

1. Emergency landings can be made quickly from high altitudes. 

2. Military planes can use the maneuver in combat. 

3. Less time will be lost at low altitudes by planes which operate most effi- 
ciently at high altitudes. 


Telescopic rifle sight which will not fog internally under bad weather condi- 
tions has been developed. Based on principles worked out for military optical 
instruments, the telescopic sight is waterproof and works as well in cold, rainy 
weather as on sunny days. 


THE ATOMIC AGE 


J. E. PotzGER 
Butler University, Indianapolis, Ind. 


During the first period of a new class in General Science Teaching 
Methods, composed of 45 prospective grade school teachers, I made a 
few introductory statements about the need of science teaching in 
the grades and preparedness of teachers to meet the questions and 
reports of the 6-year old “‘scientists’’ when they enter school. The 
remark stated that these children were the former students of radio, 
television, and visual education classes at the movies. I also re- 
minded the class that I had taught considerable Nature Study sci- 
ence during my 20 years of teaching in the elementary schools, but 
it is a different world out of which the first graders emerge to-day. 
For, said I, “You live in the atomic age.”’ This remark was followed 
by the question, “‘Do you know what is meant by the statement living 
in the atomic age?’’ Hands went up eagerly and the answer was, 
“The name is given because of the discovery of the atomic bomb.” 
All others assented to this answer. 

I mediated on this almost incredible narrow concept, and wondered 
how it was possible that youth of college age could miss one of the 
greatest revolutions in the thinking of man on matter and energy, 
fission and synthesis of atoms, as well as social and medical problems. 

Ours is the age of a bloodless revolution, but a revolution so tre- 
mendous, so annihilating to age-old and well entrenched concepts 
that there is hardly a single phase of human life and human activity 
which is not affected by it. Until 1946 the common citizen heard only 
the rumblings, promises, speculations of scientists of what has since 
become “‘old stuff.” We were served pictures of cyclotrons, head- 
lines on fission of atoms, balloon trips to the stratosphere for study of 
cosmic rays, and a host of other apparently fantastic things which 
many considered just plain “humbug.” With the mushrooming ex- 
plosion of the first atomic bomb in the desert areas of Arizona all of 
our nation was pitched headlong into the “revolution” which at 
once scrapped our former thinking and former way of life. Our eyes, 
however, were so intently focussed on the destruction on two Japa- 
nese cities that we only saw the bomb and its baffling and frightening 
power. With pale lips we whispered. “This is the atomic age!”’ Sci- 
ence almost immediately recognized the atomic age as the open door 
to an expansion of the same and similar energies which we had used 
before. The mind of man saw new possibilities in medicine, plant and 
human physiology, the harnessing of those stupendous potential 
energies. This latter achievement is to me the most miraculous 
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efficiency of mathematics and physics. We have had less disastrous 
explosions in the handling of this disintegrating midget, the atom, 
than we had in college chemical laboratories. The atom fission studies 
mark, perhaps, the greatest close co-operation between mathematics 
and physical sciences than any previous major discovery. 

What, then, does the atomic age mean? The fantastic something, 
named ENERGY, has been given as much physical reality as mat- 
ter, existing as bundles or quanta which have weight, and matter 
itself is tolerated as a form of energy. The atom has been dissected, 
and the parts have been labelled. In a way, there is really neither 
nitrogen nor carbon, or any other elements, but they are only the 
names for specific aggregates into a larger or smaller nucleus. And 
so we know that in our atmosphere nitrogen is perpetually changed 
to an iotope of carbon (C-14) merely by the bombardment of the 
nitrogen atom by nutrons from the cosmic rays. What a profound 
revolution of the concepts and thinking of man! 

Then came the discovery of unstable elements, which give off 
energy particles, and machines (Geiger counter) to detect the tiny 
explosions marched onto the stage. Radio-active phosphorus was 
used to trace movement of minerals in plants disclosed by the tell- 
tale ‘‘click, click!” on the diaphragm of the Geiger counter. Radio- 
active phosphorus was circulated through the human body, for 
diagnostic purposes. Oak Ridge makes radio-active minerals to order. 
Tumors are treated by bombardment in situ by energy given off 
off by radio-active gold, injected directly into the tumor. In the plan- 
ning of rooms at hospitals where such substances are handled, simple 
solid walls no longer protect from the deadly effect of large doses of 
these invisible “bullets of energy.”” Lead walls, lead aprons, are used 
for protection and even parking spaces must be placed outside of the 
reach of these killers. Where has our concept of the world of six years 
ago gone? We scrapped so much over night in this revolution that 
we no longer even realize what “old fogies’” we were five years ago. 

Along came the discovery of radio-active carbon (C-14) with a 
half life of about 5,500 years, and methods to measure the time based 
on loss of amount of energy. It was discovered that C-14 is distributed 
uniformly throughout the atmosphere, and also in all organic mat- 
ter by way of photosynthetic processes. Thus was ushered in a timing 
device which could date organic remains up to 18,000 years of age. 
This sent archaeologists and glaciologists, paleobotanists and zoolo- 
gists into quest for accurate dating of their finds. The old cosmic 
ray appeared anew on the stage, for it was discovered that cosmic 
rays sent slow neutrons into the mantle of the atmosphere, consisting 
of approximately 80 per cent of nitrogen. Neutrons colliding with the 
nitrogen atoms were held and thus was born C-14. It soon unites with 
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two of oxygen to give rise to radio-active COs. Since it is uniformly 
distributed in the atmosphere it transmigrates through products of 
photosynthesis into all plant and animal life, here slowly to tick 
away until it has been silenced in the cold carbons of our coal. This 
is our age! 

Do you recognize the old world of five to ten years ago? Only its 
semblance, for we are still in the formative period of the greatest 
revolution in human life and human thought, we are in the ATOMIC 
AGE. 


THE PASSENGER PIGEON 


If you were to ask almost anyone who is acquainted with the tragedy of the 
passenger pigeon why that beautiful bird has been reduced from a primeval 
population of unknown millions to nothing at all, he would be very likely to 
answer at once, “‘Why, hunters’ guns, of course!” 

That would not be the correct answer at all. Unlimited massacres that went 
under the name of hunts did account for a great deal of the havoc, but they were 
not the principal one. The pioneer’s ax, not the hunter’s gun, must bear the 
main responsibility. 

The passenger pigeon was a woodland bird. It needed trees for nesting and for 
the gregarious roosting of its huge flocks. Even more it needed acorns and beech- 
nuts for food. 

Longfellow takes note of this peculiar food habit in “Evangeline,” where he 
speaks of the portentous flocks of pigeons ‘““Darkening the sky in their flight, 
naught in their craws but an acorn.” 

The pioneer was an enemy of the forest; or rather, he considered the forest 
an enemy of himself. It held land that he wanted to plow; it sheltered redskinned 
enemies who wanted to scalp him. So he swung his ax at the trunks of trees as 
he might have at the necks of stubborn foemen. 

And when the pioneer stage gave way to the developmental, which often 
meant merely the exploitative, the early lumberman finished the job of sweeping 
the eastern forests clean. 

All of which meant death for the passenger pigeon. The felling of the trees 
robbed him of both home and food, and the multiplication of the human popula- 
tion at the same time increased the number of hunters who had never heard of 
bag limits. 

There may have been other factors at work, too, that we do not know about 
now, like epidemic diseases. At any rate, the passenger pigeon went, and went 
fast. 


Microfilmer takes papers up to 11 inches wide and of an unlimited length, 
reducing them to 1/40 their size. Working at the rate of 500 per minute, the 
machine can record 29,000 bank checks on a 100-foot roll of 16 mm. film. Docu- 
ments drop in sequence into a receiving hopper after being microfilmed. 


School desk tops look like new when renovated with a rugged stainproof, 
glareproof, washable plastic having a simulated woodgrain finish. The manu- 
facturer treats old battle-scarred tops at his plant and returns them to the 
sender ready to thwart destructive students. 
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KEARNY HIGH STUDIES “EVAPORATION AND 
HUMIDITY” 


MAx MILLER 
San Diego Public Schools, San Diego, California 


AND 


KATHARINE DRESDEN 
Chico State College, California 


The teacher stops at Dale’s desk, puts a hand on his shoulder and 
looks at his work. Dale looks up. “Which topic interests you most, 
Dale? Which one will you be chairman for?’ A flush of surprise 
spreads over Dale’s face as he remembers that he did not do well 
last time, that he had lost interest in his topic. The teacher has done a 
little remembering, too. He remembers that last time Dale was as- 
signed a topic and assigned a committee—could that be the explana- 
tion for the inadequacy of his leadership? 

Dale chooses carefully, leafing through the text, asking a question 
about sources, materials and apparatus, weighing one topic against 
another. Then he goes up to the board and writes his name beside 
one of the topics which is listed there. On the way back to his seat 
he stops to ask a girl and another fellow to work with him. Quietly 
there is a rearrangement of seats and Dale’s committee go to work 
together. 

The other pupils continue their review of their texts, the teacher 
continues to choose topic chairmen; there is Barbara who was absent 
last week and is anxious to show that she can do the work. Bob 
idled last time while others in the group took the responsibility. Jim 
is capable with apparatus but not accurate, Mary is deft with detail 
but afraid of apparatus; they make good co-chairmen. Ray’s father 
installs air-conditioning. Ray has worked with him, here is an op- 
portunity for Ray to contribute his practical knowledge to the more 
theoretic approach of the text. Don needs an opportunity for oral 
presentation before a group. Those who are more independent are 
appointed first and get first choice of topic, those who need more 
direction take the topics which are left. 

Each chairman chooses his committee while the teacher takes men- 
tal note: he chooses strength, he chooses weakness, he chooses his 
buddies, he considers the sex of his co-workers, he balances the book- 
learner with the ear or hand learner. The teacher moves quietly 
from group to group: each topic must be defined and delimited. At- 
tention is drawn to source material in the file, on the reading shelf, 
available in the library or audio-visual room. Suggestions are given 
of resource personnel in the community who might be contacted, cur- 
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rent periodicals that might contain articles of value. Help is given 
with apparatus, where it is, how to handle it, how to arrange the 
experiment. Supplies of chart paper, graph paper, colored crayons, 
and chalk, India Ink, thumb tacks, are checked that there may be 
plenty available. 

And as the groups delve into their problems let us sit down a 
minute with the teacher. We want to know what is going on here, 
what preceded this day, what is the lesson and what are his objectives. 
We want to know if these boys and girls are learning and what are 
they learning. Why is this approach being used? 

It is a physics class, senior year of a typical American high school— 
Kearny Junior-Senior, San Diego, California. The teacher, Max 
Miller, is a member of the California Council on the Improvement of 
Instruction. This group of teachers organized in 1946 for the purpose 
of studying the use of current materials in the classroom. After three 
years of experimentation, exchange of experiences, analyzing proc- 
esses and results, manipulating a wide variety of materials in the 
classroom, and evaluating their activities, the teachers made an 
over-all summary of the project which they published in book form 
(Kinney & Dresden, Better Learning Through Current Materials, 
Stanford Press, 1949.) 

Mr. Miller is teaching this physics class in terms of the findings 
of the Council. First, he pre-planned. He knew that Evaporation and 
Humidity is one of the traditional units taught in a physics class. 
He analyzed it to see if it belonged there—belonged there in terms of 
the maturity of the pupils, in terms of their needs in 20th Century 
society. This established, he considered how he could broach the sub- 
ject to them in terms of their needs, leading from a previous experi- 
ence or immediate interest or need, basing it upon a background of 
proven fact. He then considered the best possible organization of 
the material and of the class. Inasmuch as this unit can readily be 
broken into topics, each an entity and yet all related, it seemed wise 
to use a topical organization. The class was ready for concentrated 
committee work under pupil leadership. Here the sensitivity of the 
teacher was important—committeee work must be introduced when 
the group is ready, after careful preparation, following preliminary 
stages. So, too, as we have seen, chairmen must be chosen carefully. 
Sometimes they are elected, sometimes they volunteer; sometimes 
they choose large groups with a big block of work, sometimes a 
small group with a tiny assignment. But the teacher has been bring- 
ing the group along, through successive stages, as fast as they can 
go, and he knows they are now ready for the level of work in which 
they are engaged. 
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On this particular day, Mr. Miller has introduced the unit himself, 
led the class to suggest its major sub-divisions and then left them to 
peruse the chapter in their text while he proceeded with the-organiza- 


tion of the class. 
* * 


The next two or three days are spent in research—an amazing a- 
mount of research, far more than a teacher would dare to “assign.” 
The librarian has been alerted and has a wealth of suggestions ready 
when a committee comes to work with her. Fortunately, this library 
is not too precious for the pupils to browse around in shelves, files, 
and supply room. The librarian is not so “hush-hush” that no two 
can speak in her domain. The organization is not so formal that 
library work must be done before or after school. When the need 
arises, a committee goes to the library, seeks out its materials, ad- 
vises with the librarian and works the material over together, then 
and there. 

The county curriculum office welcomes a committee that comes to 
look for audio-visual materials. Pamphlets, charts, diagrams, working 
models, recordings, films, film strips may be located there and bor- 
rowed for the school. Magazines, pamphlets, and ads are found at 
home and brought into the classroom. 

The community knows that the physics class is interested in Eva po- 
ration and Humidity. Committees call at the round house, at a ship 
company, at an airplane plant, at the ice company, at an air condi- 
tioner plant, at the weather bureau. They observe, interview and 
gather material. 

The classroom is a changed place. No longer do the students sit 
in assigned seats around bare laboratory tables and look at bare 
walls and chalkboards and empty window ledges. Shifting groups 
meet at laboratory tables, in corners, against the board, around the 
files. 

It is always a group, directed by a chairman, that is doing the work. 
One group is determining “dew point.” It doesn’t work as too many 
people are around, so they move to the far corner of the room. Jim and 
his group are going to explain how ice is made in the type of refrig- 
erator that makes use of a gas flame. They were at a refrigerator sales 
room yesterday after school and have many pamphlets. Jim has sug- 
gested that Bob make a diagram on the board while he and the other 
two read over the material, then the four will discuss it. They will 
have that diagram making ice cubes Monday if it works as hard as 
they do. 

The model steam engine that Earl and his group are running 
could be a source of distraction to Blas and Barbara if they were not 
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so intrigued in actually seeing how problems involving Heat of Vapor- 
ization, calories and B.T.U.’s can be solved. Mary, Alice and Bud 
have frozen a cork to a watch glass by boiling ether under reduced 
pressure. That demonstration will help to make their topic clear 
when they explain it, and it’s the first time that Mary has actually 
understood how a simple bit of apparatus works. Her father installs 
water distilling plants on ships. Last night he drew her a sketch of a 
“still” and if they can give their explanation last she will bring a 
big chart her father said he could have loaned to him. She never 
before knew just what the machinery was with which he is working. 

The window ledge sprouts bookends like weeds in a garden. Each 
committee arranges its own display of books or pamphlets. Chalk 
boards blossom with diagrams and charts in gay colors punctuated 
with stars, arrows, and other attention arresting devices. The bulletin 
board is so inadequate in size that it is by-passed—that is, by-passed 
by all except the teacher who is happy to have a little spot of his 
own for announcements, jokes, suggestions, routine detail. Adequate 
bulletin board space is devised by covering the movable chalk board 
with store paper, mounting card board on an easel, bringing in a 
slab of wall board. Clippings, pictures, drawings, cartoons, every 
possible appeal to the eye is arranged with eye-appeal. 

Laboratory tables are reserved for displays or experiments which 
are set up or are in process, for observation. Neatly lettered cards 
explain the apparatus and warn of the dangers of handling. 

And what of the teacher? He has pre-planned this as he pre- 
planned the teacher-pupil planning period. He knows there is material 
available and that there is resource personnel available. When neces- 
sary he has made contacts so that he is assured of cooperation and 
understanding. Through the years he has collected a file of materials 
not available in texts. He has recommended purchases to be made by 
the school and by the county curriculum libraries. This is catalogued 
in his files. 

During the class period he directs research through suggestion. 
When necessary he makes actual explanations, that is, he teaches 
committee members. He assays each pupil. In that way he knows 
who is working and who is just riding along. Freed from standing in 
front of the class and asking the questions listed at the end of the 
chapter, he can analyze why Delores is not working and help her to 
get straightened around. He observes leadership and followership, 
creates opportunities for everyone to practice both, to grow in his 
use of each. He sees that the pupil for whom physics is “easy”’ is 
challenged and develops a sense of group responsibility that the slow 
learner has an opportunity to contribute to the group in terms of 
his capacity to contribute and that both are accepted by all. He helps 
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book learners to become ‘‘doers,” he helps kinaesthetic learners to 
read. The period of research is research for the teacher as well as for 


the pupil. 
* * * 

Nereo is told toward the end of the second day that he is to be 
chairman of the class when the reports are given. He had finished 
his preparation and was getting a bit weary. Now he is busy collect- 
ing information from each chariman. He wants to give them each a 
bit of a ““build-up” when he calls upon them. Ed and Earl are to pre- 
pare a brief test over the reports as a culmination to the topics. 
These boys have been known to spend the time while others are 
reporting in reassimilating their own reports. 

The day for the reports comes. There is hardly time for the secre- 
tary to take the roll, as the chairman calls all back to their seats. 
Many are reluctant to abandon the last minute touches to their dia- 
grams, apparatus, or topic outline. 

Nereo’s introduction is excellent. He outlines the field beautifully. 
The teacher never knew he could do so well and tells him he did a 
grand job. Nereo didn’t realize he could do so well. 

He calls on the first chairman, and the chairman and his group 
present their facts. Nereo has told them he wants “meat”’ with but 
few fancy additions. He even holds them to it, and does not hesitate 
to ask them to eliminate digressing statements. 

The report is made but not without its interruptions. Courteous 
interruptions; ‘‘Why did you say they took the moisture from the 
air?”’ ‘Where is that used?’’; “‘Hadn’t we better have an explanation 
of Dew Point next? Seems it would help in our understanding.”’; 
“Will you ask Alice to explain that again? I did not follow it well.”’ 
Is that class listening to that report? 

It’s a real experience the first time a fellow makes a report, in fact 
every time he makes one. Remember he has had only two or three 
days in which to prepare, yet the class will consider him an authority. 
He has to be careful what he says for maybe others have read what 
he has read, and then again he wants to give all the information he 
can. It takes courage to say “I don’t know.” and these students don’t 
want to say that until they have exhausted their fund of information. 
They learn to rely on their co-workers, and the committee usually 
sticks together. 

The next report and then the next follows. One committee asks 
to be allowed to try again tomorrow. They felt sure they knew the 


_ answers, but standing on their feet before the group the answer 


would not come. Tomorrow they will know it better. They ask the 
chairman for the reprieve and he grants it. The chairman is the class 
director this day. 
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The last report has been given. Nereo finishes his job by trying to 
mention each topic that has been covered. He doesn’t forget to 
“kid” Herb about his mix-up on snow-flakes, a point that had brought 
on a good laugh from all the class. Herb couldn’t find his drawings 
when he wanted to use them. Earl and Ed have their questions ready 
for a brief quiz. It takes but a little while. Ten brief questions which 
they read as the others jot down the answers, and maybe one problem 
ends it. They check the papers and Ed puts down in the classbook a 
few A’s, some B’s and a C or two. The pupils are not interested in 
those grades, they know something about Evaporation and Humidity, 
the grades will be of interest only to the Counselors or the College 
Registrar. 

At intervals throughout the unit there have been evaluations. 
Groups have stopped a moment to evaluate themselves: Are we pro- 
gressing: Are we on the right track? Are we working efficiently? Early 
in the semester the class had set up criteria against which to evaluate 
leadership, quality of participation, and similar “intangibles,” now 
their teacher helps to guide their attention to these “learnings.”’ 


* %* * 


But when it is all over the teacher must do some private evalua- 
tion on his own. In terms of his objectives he asks himself: are these 
pupils mastering the fact learnings that are usually expected of high 
school physics students? Are they mastering the techniques of learn- 
ing, do they know the sources of scientific information and how to 
use them? Are they developing the scientific attitude, intellectual 
curiosity, an appreciation of science, a desire for further learning? 
And, is this class contributing to the social growth of the pupils? 

For measurement the school has used, in the past, standardized 
physics tests. The pupils have stood above the national norms. On 
the science sections of Time Current Affairs tests the pupils have 
stood well above the national norms. They have surpassed those of 
a neighboring school on a teacher-made test for a traditionally- 
taught, academic-approach class, Attitude tests, tests of social matur- 
ity—all have been used, all have shown fine results. 

In addition to measurement, there is a more subtle evaluation, 
an evaluation which comes with the fullness of experience, out of 
sensitivity to the learning situation. The teacher knows by a multi- 
tude of intangibles that his pupils know, and that they have grown: 
They ask pertinent questions, show intellectual curiosity. They 
respect each other. As leaders they seek the advice and aid of their 
followers. As followers they cooperate with each other and with their 
leader. In contacts outside of the classroom they introduce them- 
selves, they know what they are seeking, they express appreciation 
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for help. To ‘tbook-learning” they add the ability to learn from 

riodicals, films, models. They turn “book learning” into action. 
The list is limitless. It cannot be measured on a standardized scale 
nor even rated on a check list. But the sensitive teacher can appreci- 
ate it, and the pupils know it too. 

We, teacher and consultant, together with the other particpating 
members of the California Council for the Improvement of Instruc- 
tion are convinced that a prime responsibility of the secondary teach- 
er is to develop adult literacy. We felt that the child must live today, 
happily and fully in his own society. But the secondary teacher has a 
further responsibility. He must prepare youth to continue his educa- 
tion after he leaves the school. Because of almost daily additions to 
the world’s fund of knowledge, almost daily changes in techniques, 
it is manifestly impossible for the secondary school to give the pupil 
a life’s supply of knowledge or techniques. 

Therefore, it becomes essential that the secondary school acquaint 
pupils with the sources through which they may keep their learning 
current. What are these sources from which adults learn? They learn 
from newspapers, periodicals, films, radio, television, speakers, the 
community itself. It is not enough that adults know these sources, 
they must also know how to use them, how to evaluate them, how to 
do critical thinking. 

We believe that the girls and boys in this physics class with this 
learning experience are gaining facts of science, the scientific method, 
social competency, adult literacvy—-Evaporation & Humidity? Yes, 
all this. 


A GM RESEARCH STORY 


Young students preparing for careers in engineering and science should 
ground themselves solidly in mathematics, a member of the General Motors 
Research Laboratories staff told the National Council of Teachers of Mathe- 
matics. 

“Industry will do more and more analytical and computational work and 
needs more people able to do it,”’ the speaker, Robert Schilling, declared. 

“As new problems become accessible to computation, their complexity in- 
creases so that we must use more complex mathematics. We need not only more 
but better trained engineers and mathematicians,” he added. 

Mr. Schilling, who heads one of GM Research Laboratories mechanical engi- 
neering departments, declared that mathematics is “the perfect introduction 
to the approach in science and engineering.” 

“All modern science deals with quantities and with numbers, and mathematics 
is the only way we know to reason quantatively,” he said. 

He pointed out that history of all modern science and engineering follows a 
common pattern. First, the scientist or engineer observes facts. When facts or 
data are accumulated, the job of analyzing begins and at this point the mathe- 
matician contributes to new knowledge. 
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A UNIT ON OUR NUMBER SYSTEM 


DoNovAN A. JOHNSON 
University of Minnesota, Minneapolis, Minn. 


One of the difficulties confronting every mathematics teacher is the 
task of reviewing and extending the student’s understanding of num- 
bers and computational processes as well as building computational 
skills. Usually this review of fundamental processes is done through 
drill in which computational processes become more mechanical and 
less meaningful. The monotony of this repetition kills what little 
interest some students have in mathematics. Another problem in this 
review is the great need for individualization to provide for the wide 
range in the students’ mathematical foundation and skills. The high 
ability student needs to extend his knowledge while the weak student 
needs to rebuild his foundation. It is the purpose of this paper to sug- 
gest a teaching unit that will apply principles of learning to meet these 
needs. 

In order to attain the major objective of this unit, namely, the 
understanding of numbers and computational processes, a new num- 
ber system is considered. This new number base grew out of a dis- 
cussion of the development of our number notation and the role 
mathematics plays in the development of our civilization. Current 
articles in newspapers and periodicals on electronic computing ma- 
chines precipitated a discussion of the probable effect of these ma- 
chines on society and the advantages of other number systems. 

The duodecimal number system was then used to stimulate the 
students to think about the meaning of numbers and to stop making 
mechanical responses to computational exercises. The presentation 
of this duodecimal system meant repeating the steps which man has 
followed in building his quantitative concepts. The first step in this 
learning process was learning the meaning of the symbols which rep- 
resent these numbers and the meaning of place value. The duodeci- 
mal number system used two new digits, namely, “‘X’’ for ten and 
“FE” for eleven. The digit ‘“X”’ is called dec and ‘“E”’ is called el. 
Thus, the students wrote the numbers from 1 through 100 in this 
fashion: 1, 2, 3, 4, 5, 6, 7, 8, 9, X, E, 10, 11, 12, 13, 14, 15, 16, 17, 18, 
19, 1X, 1E, 20, 21, etc. In this sytem 15 means 1 dozen and five and 
7E means 7 dozen and eleven. This numbering process not only em- 
phasized the meaning of numbers but also the importance of number 
words. In this new number base “15” is not read fifteen which means 
ten and five but rather “‘fifdo”’ since it means a dozen and five. Simi- 
larly, 4X was named “fourdodec.” An effective method of distin- 
guishing between numbers in different bases was to use different colors 
or subscripts such as 15; for fifteen and 15,2 for fifdo. The work with 
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number words led to an interesting comparison of number words in 
different foreign languages. Mathematics was found to be a uni- 
versal language not only because the civilized world uses the Arabic 
number symbols, but also because the number words in different 
languages are often similar. Students listed the number words for the 
numbers from one to ten in the languages they knew which included 
Latin, Greek, German, French, Spanish, Hebrew, Russian and Czech. 
These similarities were contrasted with variations in different coun- 
tries such as the variation in decimal notation in the United States 
and En-land. In England 4.75 is written 4:75, and a billion is a 
million million. The consideration of number symbols brought in 
various ancient number systems such as the Greek and Roman as 
well as ancient fraction notation. By this time students were begin- 
ning to appreciate the convenience and significance of our present 
number system. 

The class next learned to change numbers from the base twelve to 
the base ten and vice versa. This conversion required a complete 
understanding of place value such as for example, 478 (base 12) 
equals 4(12)+7(12)+8 or 668 (base 10). This corresponds to the 
fact that a number such as 375 (base 10) means 3(10*)+7(10)+5. 
The pamphlet “‘An Excursion in Numbers’”’ was used by the class to 
show methods of converting from one base to another. This pamphlet 
also discussed the advantages of the base 12 over our present base 10. 
A duodecimal abacus proved to be an invaluable device in illustrating 
the meaning of these new numbers. 

After one knows the meaning of these new numbers it is possible to 
learn to compute with them. This was done by having the students 
make an addition table for the base twelve. Here it was shown that 
addition is a short cut for counting on a number scale. To the amaze- 
ment of the class, it was now found that 7+8=13 and X+E=19. 
Automatic, mechanical responses to simple addition problems no 
longer occurred! Similarly, by building a multiplication table it was 
found that 7X 8=48 and 9X E=83 and could be determined by addi- 
tion. This led to subtraction examples such as 43—8= 37 and division 
examples such as 53+9=7. Again the relation of subtraction and 
division could be effectively demonstrated. Instead of decimals, duo- 
decimals were found for fractions such as }= :6 and 4=:4. Indeed, 
the student now had to know the meaning of numbers and compu- 
tational processes before he could compute. Similar exercises were 
performed in the base 5 and the base 2 by individual students de- 
pending on the interest and aptitude of the student. 

The binary number system (number base 2) led to a report on 
electronic computing machines since many of these machines operate 
in the base 2. In this system 1101=1(2°)+1(2?)+0(2)+1=13 and 
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1+1=10 and 110—1=101. Only two addition facts are needed, 
1+0=1 and 1+1=10; and two multiplication facts, 1x0=0 and 
1X1=1. Other computing devices such as the abacus, Napier’s 
bones, the slide rule, and electric calculating machines were used by 
students to demonstrate how multiplication is essentially a short cut 
for addition and division a short cut for subtraction. Models of 
ancient computing devices, such as the abacus and Napier’s bones, 
provided interesting projects for students who were sometimes un- 
successful in working with abstract symbols. The articles on elec- 
tronic computing machines in the January 23, 1950, issue of Time 
and April 1949 issue of Scientific American furnished readable refer- 
ences for high ability students while weak students received remedial 
instruction. Since the father of one of the class members was em- 
ployed in the operation of IBM calculating machines, his daughter 
arranged to have him talk to the class about the method of operating 
these machines. His talk emphasized the effect of the machines or 
business operations. 

Other ancient methods of computing such as the scratch method, 
the grating method, the doubling method, and the method of com- 
plements furnished unique illustrations that further emphasized 
the meaning of processes. 

The use of standard numbers in scientific work, where 475,000 is 
written as 4.75 X 10° and .000638 is 6.38 X 10~, furnished a basis for a 
consideration of rounding off numbers and the rules to follow in ap- 
proximate computation. Students were pleasantly surprised to find 
that in the example 6.5 inches X 2468, the computation should be 
simplified to 6.5 inches X 2470 and the answer rounded off to 16,000 
inches. Standard number notation also led to a consideration of com- 
putation with exponents which is the basis for logarithms. At this 
point some time could be spent to learn computation by logarithms. 

The large numbers found in science created a need for names for 
numbers beyond a billion. Several students found the numbers quad- 
rillion, quintillion, sextillion, septillion, octillion, dectillion, googol 
and googolplex and illustrated their use in actual examples, such as 
the weight of the world being 6 sextillion 592 quintillion tons. A 
number scale was used to show the infinite extent of the number 
system in a positive as well as negative direction and also to show the 
infinity of subdivisions between any two points on the scale. Other 
kinds cf numbers such as prime numbers, ordinal numbers, literal 
numbers, irrational numbers, negative numbers and imaginary num- 
bers were illustrated and methods of computing with them related to 
computation with arithmetic numbers. These computations included 
addition, subtraction, multiplication, and division as well as raising 
to powers and extracting roots. 
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( An effective way of building an understanding of mathematical 

symbols and processes is to provide learning activities in which the 
| pupil discovers meanings. The activities which were planned to help 
| the pupil discover relationships are listed below: 


LEARNING ACTIVITIES SHEET 


1. Make or bring to class an abacus and demonstrate how it can be 
used to count, add, subtract, multiply, or divide. 
2. Make up a game that will be a contest in speed and accuracy in 
simple computing. 
3. Draw a right triangle with the short sides each 1 inch long. How 
long is the third side? How does the length of this side compare 
4. Learn to add, subtract, multiply and divide with a calculating 
machine. 
5. Learn to multiply and divide with a slide rule. 
6. Find the value of by measurement. Compare your result with 
the value given in a textbook or encyclopedia. 
7. Read and report to class on electronic computing machines. Read 
the report in the Scientific American for April, 1949. 
8. Make a model of Napiers bones and illustrate how it can be used 
| for multiplication. 
9. Use logarithm paper or a meter stick to make a simple slide rule. 
10. Represent the values of numbers by a scale extending in opposite 
| directions from zero. Label locations on this scale to represent 
whole numbers, fractions, decimals, and negative numbers. 
11. Write simple examples to show the relationships between: 
(a) addition and multiplication 
(b) subtraction and division 
12. Write the multiples of nine in a vertical column. How do the 
multiples of 9 beyond 45 compare with the multiples of 9 below 
54? What is the sum of the digits of each multiple of 9? Are there 
| any other unusual properties of multiples of-9? 
| 13. Write the multiples of eight. Add the digits of each multiple. 
Is there any pattern in the sum of the digits that is unusual? Are 
there similar relationships for multiples of 7 and 6? 
14. Write the numbers for number bases other than 10. Make addi- 
tion and multiplication tables for these number bases. 
15. Describe and give illustrations of these numbers. 
Negative number, irrational number, imaginary number, ami- 
cable number, prime number. 
16. Make a list of activities in which numbers are not used in any 


way. 
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17. Make a list of mechanical counters such as turnstiles, speed- 
ometers, etc. 

18. Make a list of illustrations of uses of exact numbers and approxi- 
mate numbers. 

19. Find out when a number is divisible by 2; 3; 4; 5; 6; 8; 9. 

20. Make a collection of number tricks, puzzles, or riddles. 

21. Find the number names for numbers each 1000 times as much as 
the given number such as one, one thousand, one million. 
Learning mathematics also consists in developing skills. Work- 

sheets were supplied to students to furnish practice exercises. These 

exercises provided practice of skills as well as applications of the new 

numbers and processes. 

It is difficult to evaluate the attainment of objectives such as an 
appreciation of the power and convenience of our number system or of 
the role mathematics has played in society. However, items which 
tested the learning of new concepts and the development of computa- 
tional skills in a test given to the students at the end of the unit 
demonstrated that real progress was made in the attainment of these 
objectives. 

The reports of students, the completion of some of the work pro- 
jects, and the solution of problems gave evidence of the progress of 
individual students. Although the use of new numbers at first was 
difficult for the lower ability student, these students made remark- 
able progress in learning to compute with them. In simple addition 
problems, for example, they would count in the new number base to 
find the sum. Since this is essentially the meaning of addition, it indi- 
cates an understanding of the computational processes. 

The enthusiasm and interest of the students which is difficult to 
measure but readily apparent to the teacher in and out of the class- 
room indicated that they had an appreciation of the place of this 
unit in their curriculum. The responses to the question ‘“What do you 
think were the most important things you have learned in this unit?” 
included such statements as: “I never thought there were other 
number systems as good or better than ours until we worked with 
numbers in the base 12,” “I think I know more what numbers mean 
now,” “At first I thought it was foolish to compute with new numbers 
and I was very confused but now I know more about what numbers 
mean.” 

To the teacher it was a satisfying experience. This unit provided a 
means of presenting unique material in a unified manner completely 
independently of a textbook. It provided learning exercises which 
could be used by the students to discover new ideas as well as to 
illustrate the learning processes of the student. It was a learning ex- 
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perience for the teacher to see how the meaning of symbols must be 
built on concrete experience. 
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THE HIGH SCHOOL PHYSICS 
LABORATORY MANUAL 


JoserpH A. Mack 
McBride High School, St. Louis 13, Mo. 


PART I. CURRENT PHYSICS LABORATORY MANUALS 


In schools where the instructors are allowed almost unlimited 
freedom to develop their subject as to method and content, the prob- 
lem of inclusion and exclusion of topics and units is an ever present 
one. The method used by the beginner-teacher tends to follow the 
patterns to which he himself was subjected and with which he is 
familiar. If the instructor is at all critical of his own achievement, or if 
he belongs to professional organizations where critical evaluation of 
the achievement is regularly a discussion topic at their meetings, he 
soon begins to doubt the validity of such a course of action. Conse- 
quently he will begin to question the content of the subject matter he 
is using, and eventually to question his methods of instruction. 

Once a teacher is emancipated from following the traditional prac- 
tices much good work may result from his experimentation. American 
education is squarely based on the textbook method; any individual 
instructor, if unhampered in the choice of his methods and by the 
content in subject matter through an imposed text, may thoroughtly 
alter content of subject matter as well as the method of instruction 
by a change of text. Such freedom is the ideal, and not always avail- 
able under every school administration. 

A change of textbook affects more the content of subject matter 
and its organization than it does the teaching techniques. A change in 
teaching methods or teaching techniques frequently will accompany 
a change of textbooks. Teachers accustomed to one techniuge will 
hardly ever desire or welcome a change. They may even resist such 
a change of techniques if it is imposed on them. Ingrained habits of 
many years standing are hard to break. 

It seems that all procedures in science may be roughly classified 
under three headings. 


THE PROBLEM TECHNIQUE 


This essentially is a research approach to learning. As such, it is 
time consuming and therefore of limited application, because only a 
small number of problems (units or topics) may be successfully 
solved or completed in a school year. At the lower levels of science 
instruction (high school) the problem must be teacher initiated and 
guided so as to reach successful conclusions. The teacher must pre- 
sent the problem and give leads toward its solution, lest much time 
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be wasted in floundering, which would end in pupil discouragement 
and abandonment of the problem. 

This technique requires reflection on the part of the student plus 
some trial and error efforts before it will lead to clear cut solutions. 
Values accruing to the student include: mastery of subject matter, 
new appreciations, and satisfaction flowing from accomplishment. 
Evidently there are many degrees of difficulty that problems may 
have. It may be that a numerical calculation is all that is required, 
when the correct formula is used; the problem may even require 
student experimentation to obtain data from which generalizations 
are to be drawn by inductive reasoning. But the over-all outcome will 
be an increase in knowledge of the facts and the meanings of these 
facts. 


THE PARTICIPATION TECHNIQUE 


This is the natural approach of an apprentice to learning. The 
student watches his master and tries to imitate what he has observed. 
Self-criticism with coaching rectifies his errors or deficiencies. This is 
the method favored by technical schools. This technique involves 
only the practical applications of science with the theoretical and 
systematic as concomitant learning. Evidently this method is a 
wholly laboratory type of teaching and is done through the use of 
actually existing machines and not through models or apparatus. 
The aims of this method are quite definitely utilitarian, and it is 
procedural throughout. Ultimately participation aims at the acquisi- 
tion of saleable skills of economic value. The over-all outcome will 
be a development of skills and useful habits. 


Tue LECTURE-DEMONSTRATION LABORATORY 
EXPERIMENTATION TECHNIQUE 


It would be unjust to label this technique with the depreciative 
tag of “Traditional” in a world where everything must be Progressive 
to be acceptable. The title of this method is self-explanatory. This 
procedure seems to be the most prevalent one judging by a perusal 
of state syllabi. It contains the advantages of both methods previous- 
ly mentioned, as it gives systematic instruction in theory as well as 
student laboratory experience. The experiment becomes an aid to 
the better understanding of the theory. Thus, this method aims not 
solely at knowledge, facts and meanings (definitions), but provides 
opportunities to acquire skills by the handling of apparatus. This 
manipulation of materials leads to a greater appreciation of the meth- 
ods used in the discovery and the verification of scientific facts. 
This procedure is not aimed at cultivating scientists or even at train- 
ing technicians, but rather at hightening appreciation in the student 
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for the work of scientists. This procedure aims to change attitudes 
and appreciations and even to produce new ones. Motivation is 
obtained through interest aroused by the lecture-demonstrations 
which in turn lead to self-activity in individual student laboratory 
work. That this technique is highly desirable can be substantiated 
by the fact that state and regional accreditation agencies will not 
accept student work without such laboratory experimentation. 
These agencies even specify the time allotment and the minimum 
number of experiments. In some states definitely named experiments 
must be included in a minimum number. 

Seeing that laboratory experimentation is both necessary and 
desirable for the complete student understanding of subject matter, 
the next step is to determine in which areas, by which procedures in 
student experimentation, and to what degree of accuracy should 
experiments be carried out. Several methods for the selection of titles 
suggest themselves: (a) by authoritative declarations, such as college 
entrance requirements, regional accreditation agencies, etc.; (b) by 
the utilitarian and economic requirements determined by the future 
employers of pupils; (c) by a survey of standard practice of both past 
and present as revealed in published laboratory manuals; (d) by 
reasoned deductions. By far the easiest of these is the normative sur- 
vey of the manuals. The use of this procedure may be justified by the 
thought that over a long period of time (fifty years) the better pro- 
cedures and a correct choice of areas of endeavor would have won 
out over the lesser through the constant revision of manuals. This 
thought assumes that authors are always cognizant and sensitive to 
the trends and requirements in the field of their endeavor. 

Based on. the listings in the U. S. Catalog and the Cumulative 
Book Index over two hundred laboratory manuals were published 
since 1900. The Missouri State Public Schools Curriculum of 1941 lists 
eleven manuals as acceptable. These have copyright dates of 1932- 
1939. To these were added for this study another eleven manuals 
with copyright dates after 1939. Thus it was that the dividing line 
at 1930 was arrived at. Manuals with an earlier copyright were listed 
as a separate group, Overage Manuals. This group was not neglected, 
but the research in the overage group was less detailed than that of 
the 1930-1951 manuals. Some of these overage manuals have had 
two or more revisions. By comparing the titles, procedures, and aims 
of these revisions, a picture of the trends during the first two decades 
of the century can be had. The overage group inclusions were limited 
only by the manuals available. 

Thus we have a dichotomy at 1930 with twenty-two manuals of 
copyright date since 1930 but only twelve in the overage group. 
The first group was meticulously scanned and tabulated for varia- 
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tions in titles, in procedures, in apparatus employed. With these data 
as bases the experiments were rated and classified as to difficulty, 
etc. The overage group was scanned principally for trends, omissions 
and additions to the list of titles. Overage experiments were not rated 
or classified for their difficulty. 


THE PURPOSE 


The primary purpose of this study is to survey the existing physics 
laboratory manuals, (1) to find a common denominator of required 
experiments considered as basic by their authors; (2) to determine 
standard practice in a thirty-six week course, either for a one-per- 
week or two-per-week laboratory period; (3) to discover variations 
of procedures in experiments with identical titles and aims; (4) to 
discover substitute experiments for the more difficult ones, or for 
the experiments requiring costly apparatus; (5) to locate imbalances 
between the number of textual pages and the number of laboratory 
experiments drawn therefrom; (6) to find the ratio of class or teach- 
er-demonstrated experiments to student-operated ones; (7) to esti- 
mate the length of the current laboratory period; (8) to determine 
the titles of experiments by the normative survey frequency count. 


GENERAL PROCEDURE 


After a cursory inspection of the 1930-1950 class of manuals for 
what appeared to be the manual with the greatest number of varia- 
tions of all kinds and therefore the most difficult to classify, a tenta- 
tive tabulation system with classifications and ratings was set up. 
It was found that only two authors of current circulation proposed 
some four experiments usually found only in college physics labora- 
tory manuals. We concluded that the sorting and discarding of this 
kind of experiment was hardly a problem worth consideration. 

The classifications were not done on any preconceived notions of 
proper sequence, but solely on the contents or the printed title. Ir- 
respective of author listing as A, B, or Part I, II, etc., whenever a 
new problem was raised, when a new procedure was indicated or 
when different apparatus was needed, then a new experiment was 
counted, e.g., Specific Gravity of a Liquid: (1) bottle method; (2) by 
displacement; (3) by hydrometer; (4) by Hare’s balancing columns. 
Efficiency of Machines: (1) levers; (2) inclined plane; (3) pulleys; 
(4) wheel and axle. Laws of Vibrating Strings: (1) length; (2) tension; 
(3) mass per unit length. 

When a second or third trial was requested, when different speci- 
mens were to be measured by the same procedure, no new experiment 
was counted, e.g., Specific Gravity of a Liquid: (1) alcohol; (2) kero- 
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sene; (3) copper sulphate; (4) carbon tetrachloride. Pulleys: (1) single 
fixed; (2) single movable; (3) block and tackle. 

As tabulation proceeded from one manual to another some perti- 
nent facts became obvious. Repetition or duplication is an easily de- 
tected characteristic found in a few laboratory manuals. Thus a pre- 
vious experiment will have calculations and procedures that intro- 
duce the following one: Use of the Calorimeter followed by Specific 
Heat of a Metal. Series and Parallel Resistance: once with D. C. and 
then in the next experiment with A. C. where no inductance is in- 
volved. Images by a Lens: one experiment of a qualitative nature and 
the following one under identical title with quantitative measure- 
ments. Whenever this occurred we listed the two experiments sepa- 
rately. 

Morcellation is used by some authors to break one experiment into 
several experiments under identical titles, but employing different 
apparatus and procedures, e.g., Specific Gravity of a Liquid by four 
methods. This can be detected by the ratio of the number of parts in 
a section of the laboratory manual to the number of titles in the table 
of contents for the same section. This ratio will be an index of morcel- 
lation. The advantages of such a process will be appreciated where 
laboratory periods are short—forty to sixty minutes—where the 
single period prevails. Other advantages will be greater freedom of 
choice of experiments allowed to the teacher with a nonhomogeneous 
class, and where the even front teaching practice is not in vogue. 

Coalescence is also used by authors to place under one title or 
also a compound title separate experiments, e.g., Focal Length— 
Conjugate Foci. It is not always too evident whether an author 
meant that all parts are to be used or only that the parts are to be 
considered as optional or alternative procedures, e.g., Boyle’s Law, 
with four kinds of apparatus listed. Evidence of coalescence will be 
found in the ratio of the parts of a section to the number of titles in 
the same section in the table of contents. The advantages accruing 
from coalescence might be the verification of results obtained by an 
alternate method. It also allows for individual differences in a class 
so that the fast learning students are not retarded or idle while wait- 
ing for the slow-learner to finish part one. 

Criteria. In proportion as the above ratios are larger than unity, 
coalescence is indicated. The nearer the ratio approaches unity 
morcellation is indicated. 

Lacunae in individual laboratory manuals can be ascribed to the 
author’s free choice of inclusion. These gaps become evident when one 
scans the tabulation charts. The cause of this lack of equal coverage 
may be due to the nature of the subject matter, or to the difficulty 
of devising experiments meaningful to, and not too difficult for the 
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beginning students. Other possible explanations for the existence 
of lacunae might be the cost of the apparatus, or the inertia of authors 
to break away from a traditional list of experiments, or their unwill- 
ingness to add another experiment to a list of already imposing 
length. 


RATINGS 


Appreciation (A) is applied to those experiments which require 
little or no mathematical treatment of the observations. The cost of 
apparatus is not a factor in this rating. The characteristic of the ap- 
preciation type experiment is that it is qualitative in the treatment of 
student findings, where results are expressed in sentences. 

College Preparatory (P) are those experiments which are usually 
found in high school laboratory manuals and which require no 
mathematics in their solution of the problem other than elementary 
algebra, plane geometry, and trigonometry. They may be either stu- 
dent operated or demonstration type. They are distinctly quantitative 
in the treatment of student observations. The results and their errors 
are reported in tabular form or represented by a graph. 

Demonstration (D) were so listed when they required large, bulky 
apparatus, too expensive for more than one piece per laboratory. 
At times authors have suggested that a particular experiment be done 
by the class or by teacher demonstration. Such suggestions have 
always been honored in the tabulation. 

College (C) type are those experiments in which the teacher draw- 
ing on his own experience must do most of the work. They regularly 
require unusual and costly apparatus. They tend to be the Demon- 
stration type. When all the tabulation was finished it was found that 
this rating had to be applied to a negligible number of experiments. 


RESULTS 


Some interesting ratios have been developed from this study. It 
can be shown that these ratios have significance in the choice of 
laboratory manuals. These ratios are: 

1. The ratio of physics text pages to the number of experiments, 
calculated by sections and also for the whole text. These ratios will 
show the distribution characteristics. If the ratios are nearly identical 
for the sections this may be taken as an index of good distribution. 

2. The ratio of Teacher Demonstrated or Class Operated experi- 
ments to the number of student operated ones, calculated by sec- 
tions as well as for the whole text. These ratios will show the relation 
of the expensive, exceptional type experiment to the usual or less costly 
experiment. This will be an index of cost and practicality. 

3. The ratio of experiments considered by authors as basic to the 
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total number of experiments listed. In its extremes this ratio will 
show the amount of padding in the experiments listed. It will be an 
index of value. 

4. The ratio of college preparatory type experiments to the ap. 
preciation type. From this ratio we can evaluate the aims of the 
manual independently of an author’s claims. Such a ratio will also be 
an index of difficulty. 

Ratios of lesser importance are reported in the conclusions of this 
study. 

CONCLUSIONS 


Four authors out of eleven during the 1930-1940 decade identified 
experiments as “basic, required, recommended as fundamental, 
essential,”’ etc., usually marked by an asterisk. Out of eleven manuals 
published during the 1940-1950 decade four more authors did like- 
wise. Thus eight authors out of twenty-two had formed ideas as to 
the value of their proposed experiments. There was also quite a notice- 
able agreement among these eight authors. 

The ratio of P* to A* (eight authors) is 3.3 times in favor of the 
college preparatory (P) quantitative type. Further indication of im- 
portance can be had from the ratio P to A from twenty-two authors 
which favors the quantitative 2.35 times over the qualitative experi- 
ment. All data point to one inescapable conclusion that authors 
greatly favor the quantitative experiment. Thus the ratio of Demon- 
strated quantitative experiments over the Demonstrated qualitative 
ones is 2.4 times in favor of the former, eighteen authors contributing. 


TABLE 1. INDEX OF VALUE: AUTHORS’ JUDGMENT 


Sections Low High Range Mean 
Mechanics 11/25 18/25 42-72% 56% 
Heat 2/11 6/7 18-85% 50% 
Electricity 11/20 13/17 41-77% 56% 
Sound 1/4 2/4 25-50% 33% 
Light 1/8 6/7 13-85% 53% 
Whole Author 35/94 30/53 36-58% 53% 


Read: Mechanics, 11 of 25 experiments by one author was low; 18 of 25 by another author was high. 


Of all the questions proposed for solution in this study by far the 
easiest to answer was “how many laboratory periods per week are 
current practice?” 

In the twenty-two laboratory manuals with a copyright date 
1930-1950, the range of experiments listed was 39 to 94, with a mean 
of 65.3. It is rather obvious that a two per week practice exists for 
a thirty-six week school year. The extremes of the range, 39 and 94, 
were quite uncommon. The difference between 65 experiments and 
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the 72 for thirty-six weeks can be accounted for by holidays, term 
tests, etc. 

In the overage group the consistency was only slightly different; 
the range was 50 to 93 with a mean of 60.7. 


A morcellation number of 2.00 means that every experiment has on 
an average two alternate procedures. A morcellation number of 1.00 
means that every experiment consists of only one part, that not two 
procedures were suggested. 

In Mechanics three authors gave but one procedure for each experi- 
ment, while in Electricity every author on the average had more 
than one part in his experiment. Also, two authors had at least two 
parts to every Mechanics experiment. In Electricity, Sound and 
Light, two authors had two or more parts. The total morcellation 
will read: one author had only one part for every experiment; an- 
other author averaged 1.9 parts for all his experiments. 

The morcellation study provides an answer to the question of 
variation in procedures. 


TABLE 2. INDEX OF CONSISTENCY: MORCELLATION 


Whole 


Index Mechanics Heat Electricity Sound Light 


Number 


-i-1. 
2-1. 
4-1. 
6-1. 
«8-1. 
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Average -16 7 -49 1.35 


From Table 2 we conclude: (a) authors were rather consistent 
about their procedures in Heat experiments; (b) authors showed more 
variation in their Electricity experiments, averaging 1.5 parts to every 
experiment; (c) nearly the same figures hold for Sound and for Light 
as for Electricity; (d) the over-all picture is a morcellation index of 
1.35 for all authors and all experiments. 


It was proposed as the fourth purpose of this investigation to find 
substitute experiments for the more difficult ones or for those requir- 
ing costly apparatus. Some considerations are here in order. What 
would be considered a normal expense by one school administration 
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might be considered as too costly by another. Some apparatus might 
be thus considered only of secondary importance due to its cost, 
e.g., foot-candle meter, vacuum tube characteristic measurement, 
or a gas meter, in general, apparatus specific to one experiment which 
cannot be used in another experiment. Another fact is that costly 
apparatus has a tendency to be used only in the demonstration type 
experiment, e.g., efficiency of a commercial machine. The solution of 
this question depends to a great extent on local financial conditions. 

An Index of Difficulty can be made from the ratio (P) of college 
preparatory type experiments to (A) the appreciation type, where 
results are read in times. A second Index of Difficulty results from the 
ratio of Teacher Demonstrated experiments to the pupil operated 
ones. For convenience of count (D) to A+P was used. The teacher 
demonstrated experiment (D) tends largely to be of a costly nature, 
as well as being quantitative. 


TABLE 3. INDEX OF DIFFICULTY 


P/A D/A+P 

Range Mean Range Mean 
Mechanics 1.3-17.6 7.0 3.2-32.0 10.4% 
Heat 0.3- 7.0 ke 12.5-22.2 15.1% 
Electricity 0.1-— 3.0 0.9 3.4-31.5 14.6% 
Sound 1.0— 6.0 3.1 25.0-40.0 34.6% 
Light 0.4- 8.0 3.3 10.0-18.2 14.1% 
Whole Manual 1.2- 6.5 2.4 0.6-22.7 7.3% 


Read: P is »-m times A by twenty-two authors; D to A+P in per cents from eighteen authors. 


Additional confirmation of Difficutly can be found in the ratios 
“basic” college preparatory to “basic” appreciation which is 3.3 
times in favor of the former, from eight authors. Teacher Demon- 
strated college preparatory to Teacher Demonstrated appreciation 
is 2.4 times in favor of the — preparatory as evidenced by 
eighteen authors. 

The choice of substitute experiments must be made rather sub- 
jectively once the aims of the course have been established, whether 
to add more of the appreciation (qualitative) type or more of the col- 
lege preparatory (quantitative) ones. This choice depends entirely 
on the teacher and the facilities available to him, whether to follow 
the laboratory manual or to introduce experiments culled from other 
sources. This latter alternative will depend largely on the time, dupli- 
cating facilities, and the energy or ambition of the teacher. The ob- 
vious alternative of changing manuals for one more suited to local 
needs must not be overlooked. 


| 
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Currently popular textbooks are about fifteen in number, judging 
by their listing in several laboratory manuals. As fourteen laboratory 
manuals of this study were found tied to specific textbooks, it was 
possible to calculate from these the pages per laboratory experiment. 


TABLE 4. INDEX OF DISTRIBUTION 


Text Pages 
Sections 

Range Mean 
Mechanics 4.1-11.5 8.5 
Heat 6.5-22.0 12.6 
Electricity 6.8-16.1 11.1 
Sound 7.3-39.0 16.7 
Light 6.3-15.1 10.3 
Average all texts 6.3-13.3 10.25 
Textual pages 361-798 611 


Read: Range, LOW to HIGH in text pages per experiment. 


The evident inference might here be made that Sound experiments 
are too few while Mechanics experiments are too many for equal 
distribution on the bases of textual pages alone. 


The prime purpose of student experimentation is to offer the stu- 
dent a direct, positive, first-hand opportunity to investigate the laws 
of the science he is studying. Teacher demonstration has its rightful 
place on lesson days, but on laboratory days it is a distinct usurpation 
of student activity. The excuses offered for Teacher demonstrated 
experiments are many, viz., cost of the apparatus, delicacy of the 
apparatus, lack of skill in the student, danger, time requirements, 
etc. This is the reason for naming Table 5, An Index of Usurpation. 


TABLE 5. INDEX OF PRACTICALITY OR USURPATION 


Sections Range Mean D(only) D+P # A+P D/A+P 


Mech. 0-8 2.6 47 383 465 10.4% 
Heat 0-2 0.6 10 118 159 15.1% 
Elect. 0-6 2.3 42 149 354 14.6% 
Sound 0-2 0.4 7 61 62 3.4% 
Light 0-2 0.2 4 113 167 14.1% 
Whole author 1-15 6.0 110 824 1207 7.3% 


A+P has D included. 


The problem ‘“‘to find the ratio of teacher or class demonstrated 
experiments to student operated ones” is a simple one of tabulation. 
What should be done about it must depend on many considerations 
outside this study. Of the twenty-two authors surveyed (1930-1950), 
eighteen manuals contained experiments so indicated by the authors 
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or so adjudged by the apparatus required. Some of the tabulated 
results are here recorded. The comparisons and conclusions are left 
to the reader. 

Additional breakdown shows that Demonstrated quantitative 
to Demonstrated qualitative, 76/34, that the quantitative is 2.4 
times the qualitative experiment. 


(To be concluded in November) 


SOME CALCULATIONS ON THE SUN 


Jutrus SUMNER MILLER* 
Dillard University, New Orleans 22, Louisiana 


It was Maxwell, I believe, who said that you cannot know much 
about a thing unless you can measure it. Most of us know something 
about the sun but most of what we know is descriptive. It occurred 
to me that it would be interesting to make some elementary calcu- 
lations on the sun, taking for granted only some simple standard 
data. The results were so intriguing, and indeed, so often staggering, 
that I thought it worthwhile to communicate them. 

The total quantity of radiant energy emitted by the sun (this is not 
the light radiated, since much of the radiant energy is in wavelengths 
beyond the visible) that falls in unit time on unit area normal to the 
sun’s rays (just outside the earth’s atmosphere) is called the solar 
constant. It is not truly constant but Abbot of the Smithsonian found 
an average value after many years of measurement. Take it as 1.35 
10° ergs/sec/cm?. Since this figure does not convey too clear a 
picture let’s convert it to, say, horsepower per square mile. It comes 
out 4.7 X 10°; a staggering 5 million horsepower per square mile! 

Take the sun’s distance as 93 million miles and its radius as 432,000 
miles. These are in the ratio of 215:1, roughly. Therefore each square 
centimeter of the sun emits about (215)? times as much energy as 
falls on a square centimeter of the earth. This yields about 6.24 10" 
ergs per second as the energy emitted by each square centimeter of the 
sun’s surface. This turns out to be about 70,000 horsepower per 
square yard or, if you wish, 63,000 kw/sq. meter. 

Let’s compute its temperature. Using Stefan’s Law, E=kT‘, we 
write 6.24X10'°=5.72K10- T* (since Stefan’s constant is 5.72 
10- ergs/sec/cm?), and we find T= 6000° C. 

The total energy radiated we can show to be 3.8 10* ergs/sec. 
This is equivalent to 9X10” calories/sec. If we take the sun’s mass 


* Ford Foundation Fellow, University of California at Los Angeles. 
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as 2X 10* grams we discover that each gram of its mass must gen- 
erate about 2 ergs per second. 
Now what total energy falls on the earth? Take the earth’s surface 


' as roughly 210'® cm?. This time the solar constant yields about 


2 10* ergs in 24 hours. If we use E= mc’, we find m to be of the order 
of 2X10* grams or about 200 tons of sunlight falling on the earth 
every 24 hours! Indeed, without the atmosphere the radiant-energy 
pressure upon a man would be enough to knock him down, but as 
Jeans once said, it would sizzle him first! 

The power supplied to the earth can be calculated as about 1.3 
X10" horsepower. If we take the total earth’s population as 2 billions 
of people, 2 10°, we get something like 60,000 h.p. per person! 

Lastly, the 3.8 10* ergs per second means a diminution in mass 
of about 4X 10” grams per second. This is of the order of 4 million 
tons of matter per second! Even at this rate the sun is good for about 
15 million million years!! 

Isn’t it a staggering scheme of things? 


1953 READING INSTITUTE: FEBRUARY 2 TO 
FEBRUARY 6 INCLUSIVE 


The Tenth Annual Reading Institute at Temple University has been announced 
for the week of February 2 to February 6, 1953. 


THEME: CURRICULUM APPROACH TO READING INSTRUCTION 


Purpose: To point up the needs for an integrated program of reading in every 
phase of the child’s school curriculum. Discussions and demonstrations dealing 
with reading in the content areas will be organized around the following fields: 


1. mathematics 5. English and literature 

2. natural sciences 6. spelling 

3. social sciences 7. mechanical arts 

4. domestic sciences 8. extra-curricular activities 
Sequence of Topics: These topics will be discussed and demonstrated: 

1. planning a reading program 9. directed reading activities 
2. evaluating reading needs 10. reading readiness activities 
3. types of reading problems 11. differentiated instruction 

4. common reading difficulties 12. reading materials 

5. word recognition 13. organization of corrective classes 
6. semantic analysis 14. developing critical thinking 
7. concept development 15. developing study skills 

8. developing reading skills 16. speed reading techniques 


Institute Staff: The Temple University Reading Clinic Staff, their colleagues, 
and distinguished specialists in reading will contribute to the activities. Mem- 
bers of the Institute Staff are selected on the basis of their professional con- 
tributions to developmental, corrective, or remedial reading. 


Sixty per cent of the farms are owned by occupants. Twenty-one per cent of 
all homes are new or built within the last 10 years. 


PROBLEM DEPARTMENT 


ConpuctTeED By G. H. JAMISON 
State Teaehers College, Kirksville, Missouri 


This department aims to provide problems of varying degrees of difficulty which will 
interest anyone engaged in the study of mathematics. 

All readers are invited to propose problems and to solve problems here proposed. 
Drawings to illustrate the problems should be well done in India ink. Problems and 
solutions will be credited to their authors. Each solution or proposed problem sent to 
the Editor should have the author’s name introducing the problem or solution 
as on the following pages. 

The editor of the Department desires to serve his readers by making it interesting 
and helpful to them. Address suggestions and problems to G. H. Jamison, State 
Teachers College, Kirksville, Missouri. 


SOLUTIONS AND PROBLEMS 


Note. Persons sending in solutions and submitting problems for solutions 
should observe the following instructions. 

1. Drawings in India ink should be on a separate page from the solution. 

2. Give the solution to the problem which you propose if you have one and 
also the source and any known references to it. 

3. In general when several solutions are correct, the one submitted in the 
best form will be used. 


Late Solutions 
2288. Lewis Clark, Sodus, N. Y. 
2294. Scoby Warren, Union City, N. J. 
2294, 5. C. W. Trigg, Los Angeles 
2297, 8. Rogers J. Newman, Jackson College Jackson, Miss. 
2298. Mrs. Joseph Wyckoff, Romulus, N. Y.; June Bliss, Yarmouth, Nova Scotia 
2299. Proposed by Cecil B. Read, University of Wichita, Wichita, Kansas. 


Given cos a+cos 8+cos y=0 and sin a+sin B+sin y =0 show cos 3a+ cos 38 
+cos 3y =3 cos (a+8+7). 


Solution by the proposer 


Let 
A=cos sin a, 
B=cos 8+ sin 8, 
C=cos y+i sin y, 
then 
A+B+C=0. 
Since 
A*+B+C*=3ABC. 
However, 


A*=(cos a+i sin a)'=cos 3a+i sin etc., 
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and 
ABC= (cos a+i sin a) (cos 8+i sin 8)(cos y+i sin y) 
=cos sin (a+$+y). 

If we now set the expression for A*+ B*+ C* equal to the expression for 3ABC 
and equate the real parts, the relation is proved. 

Solutions were also offered by: Hugo Brandt, Chicago; C. W. Trigg, Los 
Angeles; Leon Bankoff, Los Angeles; James F. Gray, Kirkwood, Mo.; Julian H. 
Braun, Washington, D. C.; A. R. Haynes, Tacoma, Wash.; Richard H. Bates, 
Milford, N. Y. 

2300. Proposed by Hugo Brandt, Chicago 

Given that a function 

3n+1 


n—3 


S(n)= 


show that if f(m)=N, then f(N)=n. Find another function g(m) with the same 
porperty, that is: if M=g(m), then g(M) =n. Generalize. 


Solution by J. H. Means, Austin, Texas 


3n+1 3N+1 
upon solving for n. 
So 
n=f(N). 
In general if 
n—a 
then g(M) =n for upon solving for » we get 
aM+6b 


which is g(M). 

Since a and } are any numbers (except » and M) we may find infinitely many 
such functions with the property described above. 

Example: 


1 1 
g(a) = M; 


This is the general case where a=0 and 6=1. 

Solutions were also offered by: Julian H. Braun, Washington D. C., Aaron 
Buchman, Buffalo, N. Y.; Roy Wild, Moscow, Idaho; Albert F. Gilman ITI, 
Missoula, Mont.; Leon Bankoff, Los Angeles, Cal; Cecil B. Read, Wichita, Kan. 
James F. Gray, Kirkwood, Mo.; David Roppaport, Chicago; C. W. Trigg, Los 
Angeles; Robert Armstrong, Maquoketa, Iowa; John O. Chellevold, Waverly, 
Iowa.; and the proposer. 


2301. Proposed by Roy E. Wild, Moscow, Idaho. 
Use the definition: 


=z 
dt;t 
1 


to show that In x?=2 In x. 
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Solution by Richard R. Williams, Jr., Wiley College, Marshall, Texas 
By definition: 
In x= “dt t 
nx J / 
Express in exponential form: 
Squaring both sides: 


Change to logarithmic form: 


In fa 
But 
Therefore, 
In x*=2 In x. 


Solutions were also offered by: Albert Wernshelbauer, Chicago; Julian H. 
Braun, Washington, D. C.; A. R. Haynes, Tacoma, Wash.; J. H. Means, Austin, 
Tex.; C. W. Trigg, Los Angeles; James F. Gray, Kirkwood, Mo.; Jesse B. Flans- 
burg, Houston, Tex.; Hugo Brandt, Chicago; Uno Kodres, Waverly, Iowa; 
Dorothy H. Willis, Jackson, Miss. 


2302. Proposed by Hugo Brandt, Chicago. 


For the ellipse (%?/a?) + (y*/b?) = 1 find the circumscribed rectangle of maximum 
area. 


Solution by Leon Bankoff, Los Angeles, Calif. 


The locus of the point of intersection of perpendicular tangents to the ellipse is 


its director circle, the radius of which is Va?+6*. Thus any rectangle circum- 
scribing an ellipse is, at the same time, inscribable in the director circle. Since 
it is well-known that a square is the rectangle of maximum area that can be in- 
scribed in a circle, it is evident that the rectangle we seek is equilateral and that 
its diagonal is equal in length to the diameter of the director circle. Hence the 
maximum area of the circumscribed rectangle is 2(a?+ 6°). 

Only one square can circumscribe a given ellipse. Its position, therefore, can be 
determined uniquely. The diagonals of the square fall along the major and minor 
axes of the ellipse and its sides are inclined at 45° angles to the axes. To locate 
the points of tangency on the ellipse, we find the four points at which the slopes 
of the curve equal +1. This is done by equating the first derivative to +1. 
Hence we have 


b 
y=— a/a?— x? 
a 
d —b 
=H 1 
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and the points of tangency are given by 
ta? 
Va?+b? 
and 
+3? 
with the double signs independent of each other. 


Solutions were also offered by: C. W. Trigg, Los Angeles; Mart E. Mithcell, 
Plainfield, Ill.; Margaret F. Willerding, St. Louis, Mo.; Julian H. Braun, Wash- 


ington, D. C 
2303. Proposed by the Editor. 


In triangle P:P2P3, r is radius of incircle, 7, re, r; are radii of excircles inside 
angles P,, P2, and respectively, show that 


r=s tan tan tan $P; 
where 2s is perimeter of triangle P,P2P;. This relation appears in problem 2279. 
Solution by Richard H. Bates, Milford, N. Y. 
Let pi, 2, Ps be the sides of triangle P,:P2P3 opposite angles P;, P2, Ps respect- 


ively. 
Then by the elementary trigonometric relations: Since 
r P; r r P3 
= —; =tan —; =tan — 1 
2 S— pro 2 S—ps 2 (t) 
and 


(5— pi(s— pa) pa) 
f= ’ 


we have by substitution for s— p;, s— p2, s— ps from (1) 


r= 
*) 

s (tan tan tan 


2 


Squaring both sides and solving for r: 
Pi tan 
r=s (tan tan 2 tan 


Solutions were also offered by: C. W. Trigg, Los Angeles; Leon Bankoff, Los 
Angeles; Cecil B. Read, Wichita, Kan.; James F. Gray, Kirkwood, Mo.; : Hugo. 
Brandt, Chicago. 


2304. Proposed by V. C. Bailey, Evansville, Ind. 
Prove that 
1 


First Solution by Richard R. Williams, Jr., Wiley College, Marshall, Tex. 


Setting x= 1 in Maclaurins expansion for arc tan x which converges for.|x| <1 
we obtain 
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4 3°5 7° 9 13 15°17 1) 


Let S=original series and rewirte . as below 


0) 
Now consider 
1+2? 
By integrating both sides of (3) we obtain 
convergent if |x| <1. This series is convergent at x= 1, and so 


Formula 416, Burington, Handbook of Mathematical Tables and Formulas, 
Sandusky, Ohio (1948), p. 92 gives 


11+? 
Substituting (6) in (5) and pipe as below we obtain 
1 
Adding equations (2) and (7) and solving for S gives 
15°17 23' 25 
Second Solution by Leon Bankoff, Los Angeles, Calif. 
If 
us us 
2 2 


we can establish the identity: 
sin 40 sin 6@ sin 80 sin 100 sin 120 


If we let 0=7/4, we get 
1 1 1 
4 


which is identical with the result obtained from Gregory’s series; 
4 3 + 5 7 + 9 @) 
Dividing both sides by 2, we get 


Now, in (1), let @=2/8 and we get 


= 
a 
| 
4 
| 
po 
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8 V1 W2 9/2 10 1172 
Regrouping: 


Or 
But, from (2), 
4 & 
Adding, . 


And 


1 


Solutions were also offered by: C. W. Trigg, Los Angeles, and Julian H. Braun, 
Washington, D. C. 


HIGH SCHOOL HONOR ROLL 


The Editor will be very happy to make + ge mention of high school 
classes, clubs, or individual students who offer solutions to problems sub- 
mitted in this department. Teachers are urged to report to the Editor such 
solutions. 

Editor’s Note: For a time each high school contributor will receive a copy 
of the magazine in which the student’s name appears. 


PROBLEMS FOR SOLUTION 
2317. Proposed by Norman Anning. 
If f(x) = «%(%—1) (w—2), solve for x, the equation 4f(x)+4f(%+ 1) =f(2z). 
2318. Proposed by Hugo Brandt, Chicago. 


A rectangular piece of paper ABCD with width AB=w, length BC=1, where 
1/2 <w <1 is folded along line EF, with E on AD and F on BC in such a way that 
C falls on AB and angle B <F=45°. Find length of EF without use of trigono- 
metric tables. 


2319. Proposed by C. W. Trigg, Los Angeles City College. 


Find the unique integer of the form abbbc, b#c, whose square decreased by 
unity is a permutation of the ten digits. 


2320. Proposed by Hugo Brandt, Chicago. 
Find an expression for 


Substituting (3) in (4), 
| 
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k! 
with a, an integer. 

2321. Proposed by William W. Johnson, Cleveland. 


Show by trigonometry, and also by geometry, that a triangle is determined 
when the area, an angle, and the side opposite that angle are given. 


2322. Proposed by Richard H. Bates, Milford, N. Y. (A challenge to high school 
students). 


Resolve into prime factors: 


BOOKS AND PAMPHLETS RECEIVED 
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of Miami, Florida. Cloth. Pages viii+-692. 15X23 cm. 1952. The Blakiston Com- 
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Dynamic Sotmp Geometry, by David Skolnik., Chairman, Department of 
Mathematics, Central Commercial and Technical High School, Newark, New 
Jersey, and Miles C. Hartley, Assistant Professor of Mathematics, Chicago Under- 
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Purdue University, Lafayette, Indiana. Cloth. Pages viii+365. 14.523 cm. 1952. 
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BuILDING MATHEMATICAL CONCEPTS IN TNE ELEMENTARY SCHOOL, by Peter 
Lincoln Spencer, Claremont Graduate School, Claremont, California, and Mar- 
guerite Brydegaard, San Diego State College, San Diego, California. Cloth. Pages 
ix+372. 13.521 cm. 1952. Henry Holt and Company, 383 Madison Avenue, 
New York 17, N. Y. Price $3.75. 


ELEMENTARY ANALYsIS, by Kenneth O. May, Chairman of the Department of 
Mathematics, Carleton College, Northfield, Minnesota. Cloth. Pages xviii+635. 
14X21.5 cm. 1952. John Wiley and Sons, Inc., 440 Fourth Avenue, New York 
16, N. Y. Price $5.00. 
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Physics, University of Chicago. Cloth. 647 pages. 16X24 cm. 1952. Harcourt, 
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Price $6.75. 
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Department, Technical High School, Springfield, Massachusetts, and George R. 
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THe NATURE OF SoME oF Our Puysicat Concepts, by P. W. Bridgman, 
Professor of Physics at Harvard University and Winner of the Nobel Prize. Cloth. 
64 pages. 1523 cm. 1952. The Philosophical Library, Inc., 15 East 40th Street, 
New York 16, N. Y. Price $2.75. 


Econometrics, by Gerhard Tintner Professor of Economics, Mathematics and 
Statistics, Iowa State College of Agriculture and Mechanic Arts, Ames, Iowa. 
Cloth. Pages xiii+370. 14.523 cm. 1952. John Wiley and Sons, Inc., 440 Fourth 
Avenue, New York 16, N. Y. Price $5.75. ; 


Hicu Scuoot Biotocy, by Charlotte L. Grant, Dean and Instructor in the 
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20.5 cm. 1952. Thomas Crowell Company, 432 Fourth Avenue, New York 16, 
N. Y. Price $4.00 


GEOMETRY AND THE IMAGINATION, by D. Hilbert and S. Cohn-Vossen. Cloth, 
Pages ix+357. 15X23 cm. 1952. Chelsea Publishing Company, 231 West 29th 
Street, New York 1, N. Y. Price $5.00. 


CoMMERICAL ALGEBRA, by Robert M. Parker, Assistant Professor of Mathe- 
matics, Texas Technological College. Cloth. Pages vii+263. 14.522 cm. 1952. 
American Book Company, 55 Fifth Avenue, New York 3, N. Y. Price $3.25. 


THE ATMOSPHERE, by Peter Hood. Cloth. 64 pages. 1723 cm. Oxford Uni- 
versity Press, 114 Fifth Avenue, New York 11, N. Y. Price $2.50. 


THE ORIGIN OF LIFE AND THE EVOLUTION OF LivinG TurNGs, by Olan R. 
Hyndman, B.S., M.D., F.A.C.S. Cloth. Pages xxi+648. 14.523 cm. 1952. The 
Philosophical Library, 15 East 40th Street, New York. N. Y. 


METHODS OF ALGEBRAIC GEOMETRY, by W. V. D. Hodge, Sc.D., F.RS., 
Lowndean Professor of Astronomy and Geometry, and Fellow of Pembroke College, 
Cambridge; and D. Pedoe, B.A., Ph.D., Reader in Mathematics, Westfield College, 
University of London. Volume II. Cloth. Pages ix+394. 13.521 cm. Cambridge 
Mosk A Press, American Branch, 32 East 57th Street, New York 22, N. Y. 
Price $7.50. 


DIFFERENTIAL Equations, by Robert C. Yates, United States Military Acad- 
emy. Cloth. Pages vii+vi. 14.5X23 cm. 1952. McGraw-Hill Book Company, 
Inc., 330 West 42nd Street, New York 36, N. Y. Price $3.75. 


THe ScreNnTIFIC PAPERS OF JAMES CLERK MAXWELL, Edited by W. D. Niven, 
M.A., F.R.S., Director of Studies at the Royal Naval College, Greenwich. Two Vol- 
umes Bound as One. Cloth. Pages xxix+607 + vii+ 806. 13.520 cm. Dover Pub- 
lications. Inc., 1780 Broadway, New York 19, N. Y. Price $10.00. 


A Hunprep YEARS OF BroLoGy, by Ben Dawes, D.Sc., Reader in Zoology, 
University of London. Cloth. 429 pages. 13.5 21.5 cm. The Macmillan Company, 
60 Fifth Avenue, New York 11, N. Y. Price $5.00. 


MatuHematics: Irs Macic AND MASTERY, Second Edition, by Aaron Bakst, 
Author of Space and Geometry, The Sextant and How to Use It, etc. Cloth. Pages 
xiv+790. 1523.5 cm. 1952. D. Van Nostrand Company, Inc., 250 Fourth 
Avenue, New York 3, N. Y. Price $6.00. 


DEAD CITIES AND ForRGOTTEN TRIBES, by Gordon Cooper. Cloth. 160 pages. 
13.5X21.5 cm. 1952. The Philosophical Library, Inc., 16 East 40th Street, New 
York, N. Y. Price $4.75. 


Water: A Stupy oF Its Properties, Its Constirution, Irs CrrcuLATION 
ON THE EARTH, AND Its UTILIZATION BY MAN, by Sir Cyril S. Fox. D. Sc., F.G.S., 
Lately Director, Geological Survey of India. Cloth. Pages xxvii+148. 15X25 cm. 
se jan Philosophical Library, Inc., 15 East 40th Street, New York 16, N. Y. 

rice $8.75. 


A New Catcutvus, Part III, by A. W. Siddons, K. S. Snell, and J. B. Morgan, 
Assistant Masters at Harrow School. Cloth. Pages vi+463, 13.5X21.5 cm. Cam- 
bridge University Press, American Branch, 32 East 57th Street, New York 22, 
N. Y. Price $3.75. 


PRINCIPLES OF CHEMISTRY, Sixth Edition, by Joel H. Hildebrand, Ph.D., Sc.D. 
Professor of Chemistry in the University of California, and Richard E. Powell, 
Ph.D., Associate Professor of Chemistry in the University of California. Cloth. 
Pages xii+444. 13.521 cm. 1952. The Macmillan Company, 60 Fifth Avenue, 
New York 11, N. Y. Price $4.50. 
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MATHEMATICS FOR Success, by Mary A. Potter, Supervisor of Mathematics, 
Racine, Wisconsin; and Anne L. Neitzel, Dorothy A. Root, and Frances C. En- 
right, All of the Washington Park High School, Racine, Wisconsin. Cloth. Pages 
viiit+440. 15X23 cm. 1952. Ginn and Company, Statler Building, Boston 17, 
Mass. Price $2.68. 


New PLane Geometry, by A. M. Welchons and W. R. Krickenberger, The 
Arsenal Technical High School, Indianapolis, Indiana. Cloth. Pages vii+568. 
13X20 cm. 1952. Ginn and Company, Statler Building, Boston 17, Mass. Price 


$2.52. 


* LecruRE DEMONSTRATION EXPERIMENTS FOR HiGH ScHOOoL CHEMISTRY, by 
Fred T. Weisbruch, S.M., Head of the Science Department, William Cullen Mc- 
Bride High School, St. Louis, Missouri. Cloth. 333 pages. 13.5X21.5 cm. 1951. 
Educational Publishers, Inc., 122 North 7th Street, St. Louis 1, Mo. Price $4.50. 


Reap UP on Lire, Volume One, by Harold H. Wagenheim, Chairman of De- 
partment, Academic Subjects, Bronx Vocational High School, New York City; 
Elizabeth Voris Brattig, Teacher of English, Erasmus Hall High School, New 
York City; Rudolf Flesch, Instructor in Practical Writing, New York University; 
and Dorothy Canfield Fisher, Lecturer at the Bread Loaf School of English, Mid- 
dlebury College. Cloth. Pages xi+507. 18X25 cm. 1952. Henry Holt and Com- 
pany, 383 Madison Avenue, New York 17, N. Y. Price $3.40. 


PracticaL Catcutus, Second Edition, by The Late Claude Irwin Palmer, 
Armour Institute of Technology, Chicago, Illinois, and Claude E. Stout, Professor 
of Mathematics and Engineering Mechanics, General Motors Institute, Flint, 

ichigan. Cloth. Pages xx+470. 1119 cm. 1952. McGraw-Hill Book Company, 
Inc., 330 West 42nd Street, New York 36, N. Y. Price $6.00. 


MATHEMATICS OF FINANCE, by Edwin D. Mouzon, Jr., Professor and Chairman. 
of the Department of Mathematics, Southern Methodist University, and Paul K. 

ess, Associate Professor of Mathematics, Louisiana State University. Cloth, 
Pages vili+255+147. 15.5X22.5 cm. 1952. Ginn and Company, Statler Build- 
ing, Boston 17, Mass. Price $4.60. 


ALGEBRAIC Projective GEomETRY, by J. G. Semple, Professor of Mathematics 
King’s College, London, and G. T. Kneebone, Lecturer in Mathematics, Bedford 
College, London. Cloth. Pages vit+404. 13.5X21.5 cm. 1952. Oxford University 
Press, 114 Fifth Avenue, New York 11, N. Y. Price $7.00. 


PLAY witH LEAVES AND FLowers, by Millicent E. Selsam. Cloth. 64 pages. 
15.5X20.5 cm. 1952. William Morrow and Company, Inc., 425 Fourth Avenue, 
New York 16, N. Y. Price $2.00. 


Wuar’s InsrpE or Me?, by Herbert S. Zim. Cloth. 32 pages. 15X20 cm. 1952. 
— sevenew and Company, Inc., 425 Fourth Avenue, New York 16, N. Y. 
ice $1.75. 


Wuar’s InstpE oF PLants?, by Herbert S. Zim. Cloth. 32 pages. 1520.5 cm, 
- keeps Morrow and Company, Inc., 425 Fourth Avenue, New York 16, 
. Y. Price $1.75. 


Brrps AND THEIR Nests, by Olive L. Earle. Cloth. 64 pages. 16.520.5 cm. 
1952. William Morrow and Company, Inc., 425 Fourth Avenue, New York 16, 
N. Y. Price $2.00. 


Henry AND Beezus, by Beverly Cleary. Cloth. 192 pages. 13.5X20.5 cm. 
1952. William Morrow and Company, Inc., 425 Fourth Avenue, New York 16, 
N. Y. Price $2.50. 


PRoBLeMs OF Lire: AN EVALUATION OF MODERN BIOLOGICAL THOUGHT, by 
Ludwig von Bertalanffy, University of Ottawa, Canada, Late Professor of the 
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University of Vienna. Cloth. Pages xi+216. 13.5X21.5 cm. 1952. John Wiley and 
Sons, Inc., 440 Fourth Avenue, New York 16, N. Y. Price $4.00. 


A New MANUAL FOR THE BroLtocy LABoraTory, Second Edition, by Bernal 
R. Weimer, Professor of Biology, Bethany College, and Earl L. Core, Professor of 
Botany, West Virginia University. Paper. Pages ix+333. 21X28 cm. 1952. John 
Wiley and Sons, 440 Fourth Avenue, New York 16, N. Y. 


Opticks, by Sir Isaac Newton. Based on the Fourth Edition, London, 1730, 
Paper. Pages cxiv+406. 10.5 X18 cm. 1952. Dover Publications, Inc., 1780 Broad- 
way, New York 19, N. Y. Price $1.90. Cloth, $3.95. 


MECHANICS OF THE GYROSCOPE: THE DyNAmics OF RoTaTION, by Richard F, 
Deimel, D. Eng., Professor of Mechanical Engineering, Stevens Institute of Tech- 
nology. Paper. Pages ix+192. 13X20 cm. 1950. Dover Publications, Inc., 1780 
Broadway, New York 19, N. Y. Price $1.60. Cloth, $3.00. 


THE ELECTROMAGNETIC FIELD, by Max Mason, Rockefeller Foundation, and 
Warren Weaver, University of Wisconsin. Paper. Pages xiiit+-390. 1320.5 cm. 
1929. Dover Publications, Inc., 1780 Broadway, New York 19, N. Y. Price 
$1.85. Cloth, $3.95. 


Our NuMBER WorksHop, by Maurice Hartung, Henry Van Engen, and 
Catharine Mahoney. Paper. Grade 1, 97 pages, Grade 2, 129 pages, 20.5 29.5 
cm. 1952. Scott, Foresman and Company, 433 Erie Street, Chicago 11, Ill. Price 
56 cents and 60 cents respectively. 


FUNCTIONAL ARITHMETIC: PHOTOGRAPHIC INTERPRETATIONS, by Lowry W. 
Harding, Ph.D., Professor of Education, The Ohio State University. Paper. Pages 
viili+196. 1321.5 cm. 1952. Wm. C. Brown Company, Publishers, Dubuque, 
Iowa. Price $2.00. 


CHARLEY CoTTONTAIL, by R. W. Eschmeyer. Paper. 50 pages. 12.517 cm. 
1952. Fisherman Press, Inc., Oxford, Ohio. 


A StuDyY OF THE TEACHING OF NUTRITION IN THE PuBLIc ScHOOLs, by Elmo 
Roper, Research Consultant. Paper. 44 pages. 19X25 cm. Cereal Institute, Inc. 
135 South La Salle Street, Chicago 3, IIl. 


DEFENSE MOBILIZATION—THE SHIELD AGAINST AGGRESSION. Sixth Quarterly 
Report to the President by the Director of Defense Mobilization, July 1, 1952. 
Paper. Pages iv+51. 20X26 cm. Superintendent of Documents, U. S. Govern- 
ment Printing Office, Washington 25, D. C. Price 30 cents. 


SCIENTIFIC PERSONNEL ENPLOYMENT BULLETIN. July 1952. Pages i+40. 20 
X26 cm. Navy Department, Washington 25, D. C. 


TRENDS IN PRODUCTION OF TEACHING GumpEs: A SURVEY OF COURSES OF 
Stupy PUBLISHED IN 1948 THROUGH 1950, by Eleanor Merritt and Henry Harap. 
Paper. 31 pages. 15X23 cm. Division of Surveys and Field Service, George Pea- 
body College for Teachers, Nashville, Tenn. Price 50 cents. 


THE MopeErN Scuoor Practices Serres, Number Two: Illustrative Learning 
Experiences, by the University of Minnesota High Scool Faculty, Emma Marie 
Birkmaier, Editor. Paper. Pages viii+108. 15X23 cm. 1952. University of Min- 
nesota Press, Minneapolis 14, Minn. 


Mora CALCULUS FOR THE MODERN Wor LD, Third Edition, by K. V. Bell, 
Box 292, Coral Gables, Florida. Paper. Pages vi+41. 21.528 cm. 1952. The 
Stryker Press, Washington, N. J. 


ScreNcE TEACHING Topay: A SERIES OF PRACTICAL TEACHING Arps. Volume 
VIII, Combatting Prejudice Through Science Teaching, by R. Will Burnett, 
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Professor of Science Education, University of Illinois, Urbana. Paper. 31 pages. 
20X28 cm. 1952. The National Science Teachers Association, 1201 Sixteenth 
Street, N. W., Washington 6, D. C. Price $1.00. 


MATHEMATICS IN THE PLANNING OF A MopEeRN Watcu, by George W. Sauer- 
wald, Hamilton Watch Company, Lancaster, Pennsylvania. Paper. 8 pages. 21 
X28 cm. Installment Buying Interest Formula, by Lee E. Boyer, State Teachers 
College, Millersville, Pennsylvania. Paper. 5 pages. 21X28 cm. Prepared and Dis- 
tributed by the Research Committee of Pennsylvania Council of Teachers of 
Mathematics, Millersville State Teachers College, Millersville, Pa. Price 25 cents 
each. 


BOOK REVIEWS 


PraneE GEOMETRY, by Frank M. Morgan, Director of Clark School, Hanover, 
N. H., and William E. Breckenridge, former Hear of Mathematics Department, 
Stuyvesant High School, New York City. Cloth. pages viii+520+xi. 20.5 cm. 
X14 cm. Revised Edition. 1951. Houghton Mifflin Co., 2500 S. Prairie Ave., 
Chicago 16, Ill. Price $2.32. 


This is a revised edition of a text by the same authors in 1943. It is well done 
and up to the usual standard maintained by these well known authors of mathe- 
matics texts. It is a standard work in the field of plane geometry covering all the 
usual topics. The book has a number of pictures which are well placed with re- 
spect to the basic principles they illustrate. There is no preface but on pages 1 
to 74 the authors have attempted to orient the pupil to the study of geometry, 
to give him some hints on study methods, as well as give the teacher a view of the 
authors’ philosophy. The remainder of the text is divided into five books. The 
topics are divided about as follows, but no titles are given for the books: 

Book I Straight Line Figures 

Book II Circles and Locus 

Book III Proportion 

Book IV Areas 

Book V_ Inscribed and Circumscribed Polygons 

The more important theorems are asterisked, with proofs written out in full. 
To compensate for this the authors explain the manner in which the student 
should develop such theorems themselves. Each theorem carries an analysis of 
the method of attack. There are many exercises applying the theorems studied 
but little emphasis on developmental exercises prior to proof of the theorem. 
There is an abundance of problem material of the standard geometric type and 
some of the more difficult verbal problem type which are related to life. A figure, 
if used for several problems, carries those problem numbers underneath it. 

There are a number of construction problems, some of them requiring proof 
and some with proofs given. In several instances these given proofs are in reality 
only descriptions. 

Listed and numbered consecutively throughout the text in black type are 
methods of showing things, i.e. To prove two lines perpendicular, show that the 
adjacent angles are equal. 

The topics of Geometry and Art, Fundamentals of Design, Locus, Distance, 
and Vector Parallelograms carry relatively more emphasis than in most texts. 
_ The text has a nice open appearance, good type, a regular index and a classified 
index according to difficulty, a number of sets of test questions, as well as sum- 
maries at the end of each book. 

This text could be adapted to most plane geometry classes in that it contains 
enough material of varying type to fit all needs. It is a good addition to the field 
of geometry texts. 

PEAK 


Indiana University 
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PLANE GEOMETRY, by Walter W. Hart, Formerly Associate Professor of Mathe- 
matics, School of Education, University of Wisconsin. Cloth. Pages x+382, 
14.5X21 cm. 1950. D. C. Heath & Co., 1815 Prairie Ave., Chicago 16, IIL 
Price $2.00. 


This text draws heavily from earlier Plane Geometry texts by the same author, 
There is, however, much new material, some new organization, new pictures and 
a few new approaches. This will no doubt be a successful, teachable text, as were 
the earlier ones. It seems that the changes have all been toward improvement. 
The introduction is used to give an approach to plane geometry through solid 
geometry, historical development of geometry and reason for the study of 
geometry. This is valuable but must be supplemented by the teacher. The text 
covers the standard areas with an additional slight introduction to analytical 
geometry. An interesting and valuable feature of the text is Chapter 9, Reason- 
ing. In this chapter the author has collected facts about reasoning, use of defined 
terms, assumptions, types of reasoning, etc., along with examples and questions. 
To make use of this chapter he refers to it as the student proceeds through 
the text. In this way the method does not become confused with the content. 
Another feature is a list of additional exercises collected on pages 312 to 350, 
These exercises are collected groups, with reference to chapters. When a principle 
flas been developed reference is made to the exercises in this collection. These 
exercises are to supplement those appearing in the text proper. There is a great 
sufficiency of problem material. A minimum course is outlined by excluding all 
starred work. The preface states all work with asterisks can be omitted but this 
is in error. Quite a number of theorems are completely worked out but as one 
progresses through the text they are gradually less complete. 

Each page carries a heading peculiar to that page, which makes for easy 
reference. There are only a few pages where content material is carried on to 
the next page. There are many specific paragraph references both to past and 
future material. 

There is a preview of each chapter but these are motivational in the main and 
merely list what you may find rather than giving any insight or raising questions. 
There are mastery tests and summaries. On pages 362-370 there is a collection 
of tests, some merely questions and others designed to test the field. Pages 352- 
361 introduce some basic items usually found in a solid geometry course. This 
may develop in the student a desire to continue, or it may be the only opportunity 
the student will have to meet formal solid geometry. It was interesting to note 
the consideration given to precision as it relates to use of pi, page 356. There 
is a teacher’s manual available and although the reviewer did not see it, the 
text makes specific references to the manual. This should make the manual more 
valuable in its use. The drawings are clear, accurate and complete. A fine set 
of functional pictures are set in their proper places throughout the text. This 
book is up to the usual high quality writing of the author. 

PEAK 


EsSENTIALS OF COLLEGE ALGEBRA, by Joseph B. Rosenbach, Professor or Mathe- 
matics and Head of the Department, Carnegie Institute of Technology, Pittsburgh, 
Pa., and Edwin A. Whitman, Associate Professor of Mathematics, Carnegie 
Institute of Technology. Cloth. Pages x+322+xxv. 14.521 cm. Ginn and 
Company, 2301 Prairie Ave., Chicago 16, Ill. 1951. Price $3.00. 


This college algebra text was written for those students who for some reason 
do not need or can not profit by a regular college algebra course. The text does, 
however, cover the more essential parts of algebra and gives sufficient material 
to meet the minimum prerequisites for advanced courses. A good deal of the 
maaene is similar to that found in College Algebra, Third Edition, by the same 
authors. 

The text covers the standard topics for college algebra but the chapters on 
progressions, inequalities, complex numbers, permutation and combination, 
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probability and determinants are not as thorough as found in regular texts. 
On page x is found the Greek alphabet and a list of symbols used. This is very 
beneficial to beginning students. The history of algebra and number is empha- 
sized, with reproductions of pages from Recorde’s Whetstone of Witte. On pages 
ii and 2 numerous historical notes are given, as well as some historical material 
appearing in the regular context. The text emphasizes general number and sets 
up proofs in symbolic notation. In cases where intuitive material is available, 


* reference is given to more rigorous proofs which appear later in the text. The 


explanations are fairly well done but sometimes valuable fine points which should 
be in context appear in notes set apart by dark lines across the page or by a 
variation in type size. The book has a somewhat cluttered appearance due to 
the variation in type size and form, as well as notes and items set apart from 
context. 

Definitions and explanations are precise and complete with exceptions and fine 
points of meaning brought out. There are many exercises and problems but not 
as many as are usually found in a text of this type. At the end of most chapters 
will be found lists of miscellaneous exercises. Answers are given to all odd num- 
bered exercises, with answers to the even numbered ones available in a separate 
pamphlet. 

One helpful device is the listing of “warnings” at various places, pointing out 
to the student common errors or misconceptions. In general the basic presenta- 
tion is from the definition, through the explanation and illustrative problem to 
the exercises. Good use is made of assumptions and postulational thinking is 
encouraged. 

There are tables of powers, roots and reciprocals, four-place common loga- 
rithms, natural logarithms, trigonometric functions sin, cos, tan and cot with 
radian measure and factorials. In a pocket in the back of the text is a card 
containing logs of 10-100. This will aid the student in problem solving and 
will be of value to the teacher during examination periods. 

Puitip PEAK 


INTERMEDIATE ALGEBRA, by Paul K. Rees, Associate Professor of Mathematics, 
Louisiana State University, Baton Rouge, La., and Fred W. Sparks, May wo 
of Mathematics, Texas Technological College, Lubbock, Texas. Cloth. Pages 
vilit+328. 20.5X5 cm.X14.5 em. 1951. McGraw-Hill Book Company, 330 
West 42nd Street, New York 18, N. Y. Price $3.25. 


This text is designed for use as a college text with those people who have had 
only one year of high school algebra. However, it also would be suitable for use 
in a third semester class in high school algebra, providing the students were a 
somewhat more selective group than is sometimes the case. 

The approach to new concepts is developmental. Formal statements of princi- 
ples in most cases follow the explanations rather than preceding them. Some 
emphasis is placed on the field of number in the first part of the text. Real 
numbers, irrationals, integers, etc., are discussed and exercises are given to add 
meaning to the discussion. The material covered is fairly complete when com- 
pared to regular college algebras. The content ranges from fundamental opera- 
tions through logarithms, progressions and the binomial theorem. The concept 
of function and statistical graphs are treated in the same chapter, which leads 
into the chapter on linear systems. Systems of quadratic equations in two vari- 
ables also makes much use of the function concept and graphical explanations. 

There is an abundance of exercises and verbal problems. These are arranged 
in groups as to type and difficulty, usually about four to a group. This enables 
the instructor to offer differentiated assignments and also to vary the assignments 
over several years. Many of the problems are not difficult, but there are several 
very challenging problems in each list. Some help is given in problem solving 
through the use of completely worked-out solutions. Explanations, hints, and 


page references to material ¢n the previous pages, which may help in understand- 
ing the problems, are also given. 
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The book is well indexed, answers are given to all the even numbered problems 
and half of the odd numbered problems. There are end of chapter exercise lists, 
a table of common logarithms, four place, and a table of powers and roots. 

The physical properties of the book are good. 

Puitip PEAK 


An IntRopucTION TO APPLIED MatuHematics, by J. C. Jaeger, Professor of 
Applied Mathematics in the University of Tasmania. Cloth. Pages xiii+ 445. 
13.5 21.5 cm. 1951. Oxford University Press, 114 Fifth Avenue, New York 11, 
New York. Price $7.00. 


The author has written this text for a group of students having a background 
of calculus and statics and dynamics. The question of the comparability of 
preparation of his students with those in American universities leads one to 
doubt the suitability of this book as an undergraduate text in many of our 
colleges in the United States. Although the primary emphasis is on application, 
there are many spots which offer opportunity for the development of concepts 
of pure mathematics. 

The book contains approximately as much material of differential equations 
as is found in most introductory texts, although such material as is found after 
the first three chapters is somewhat scattered. The chapter on linear differential 
equations with constant coefficients is very well written, not only are the usual 
classical methods, with some unusual alternatives, presented but there is also 
a brief presentation of the Laplace transform. (The author refers to “inhomo- 
geneous” differential equations, a terminology not usually encountered.) There 
is a chapter on partial differential equations. 

There is a rather extensive discussion of the application of differential equa- 
tions to dynamical problems and to electrical circuit theory with an excellent 
presentation of the analogy occurring. One finds a chapter on vector methods 
(a variation from our usual notation for the vector product is used by the 
author); one on boundary value problems; another on Fourier series and inte- 
grals; the final chapter discusses numerical methods. There are many illustrative 
examples worked out; most chapters have a set of twenty or more problems at 
the end (answers are not provided). 

Even if it is not felt that this book is suitable for a text it does form a valuable 
reference work either for the individual teacher or for the university library. 

Cecit B. READ 
University of Wichita 


Catcu.us, REvisED Epit1on, by Joseph Vance McKelvey, Professor of Mathe- 
matics, Iowa State College, Ames, Iowa. Cloth. Pages vii+405. 1521.5 cm. 
1951. The Macmillan Co., 60 Fifth Ave., New York 11, New York. Price $4.50. 


This text, a revision of an earlier edition, would be classified as essentially a 
classic textbook covering differential calculus completely followed by integral 
calculus. It is true that in this revision there is some slight concession to recent 
trends in that a little more than half way through the treatment of differential 
calculation there are four or five pages dealing with integration. These appear 
at the end of the chapter on differentials. However the material is not sufficient 
to give the student any appreciable amount of knowledge which would enable 
him to easily use the concepts of integration. 

The type in the revised edition is somewhat smaller than in the original and 
seems a little harder to read. There are some minor changes, for example the 
material on fluid pressure is moved to a later portion of the text; there is a final 
(new) chapter on limits. The majority of the problems are either new or at least 
revised as to numerical values and in many places the number of exercises has 
been increased. The text would probably be classified as one that places some- 
what more emphasis on theory than on applicatien. There is more than the 
normal amount of space devoted to the concept of the definite integral as the 
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limit of a sum. There is no treatment of such topics as Newton’s method or 
asymptotes. There are many good features; space will not permit enumerating 
all of them. One single illustration: the statement that the maximum value of a 
function is not necessarily the greatest value of the function. (The author makes 
a more rigorous statement.) What at first appeared to be a new notation is 
apparently merely a printer’s error (page 55). 

A teacher desiring a text of this type can by no means afford to neglect con- 
sideration of this particular book. 

Cecit B. REaD 


Tue NATURE OF NUMBER, AN APPROACH TO Basic IDEAS OF MODERN MATHE- 
matics, by Roy Dubisch, Associate Professor of Mathematics, Fresno State 
College. Cloth. Pages ix+159. 15X22 cm. 1952. The Ronald Press Co., New 
York, New York. Price 4.00. 


- The title may be a trifle misleading—it might read “...an approach to 
certain basic ideas....” The book does give a very readable, non-technical 
development of a typical, but limited portion of modern mathematics: from 
the primitive ideas of counting and number to some of the recent developments 
in modern algebras. The treatment, although along historical lines, is not that of 
a history of mathematics. Emphasis is placed on the abstract nature of modern 
mathematics as contrasted with applied problems in various fields. 

The style is informal; at times the reviewer felt the author was straining need- 
lessly to maintain this informality. Although one can not point out any par- 
ticular mathematical background needed to follow the discussion, when on 
page 86 the author assumes that most readers will not have encountered the 
notation a+-}i for complex numbers, the reviewer wonders whether the majority 
of readers without this much mathematical background may not have fallen by 
the wayside before reaching this point—if not they are likely to do so before 
finishing the discussion of quaternions and matrices. 

The book should interest teachers and prospective teachers of mathematics. 
At the end of the chapters one finds problems (with essentially complete solutions 
at the end of the book) which should aid in following the discussion. The book 
furnishes excellent supplementary material for a course in the nature of modern 
mathematics; many will find its field too narrow for it to serve as the sole 
text in such a course. Again, the material would be a valuable supplement to a 
course in the history of mathematics; particularly the last few chapters which 
discuss some of the recent developments in algebra. One very good chapter is the 
final one, which deals with the wide ramifications of modern mathematics and 
the justification of a research mathematician’s existence. The teacher of ele- 
mentary mathematics should appreciate the presentation of a quinary number 
system, with nonsense syllables for the number names. The author points out 
that the reader’s difficulty in following the discussion represents something of 
the difficulty which the six year old may be encountering as he first meets 
— a reading such a discussion the teacher may be more sympa- 

etic. 

A few points seem a little unusual. The scribe of the Rhind papyrus is referred 
to as Ahmose, although most histories of mathematics use the form Ahmes. The 
name Franciscus Vieta is an unusual Latin form of the French name. Gauss is 
said to have received his doctorate at the age of twenty-two with a dissertation 
proving that complex numbers suffice for the solution of ordinary algebraic 
equations. This is not the commonly encountered statement of the fundamental 
theorem of algebra. The author states in his introduction that in certain places 
the history will be idealized. Just how much liberty with generally accepted 
historical items is thus justified is perhaps a matter between the author and his 
conscience. Any points of variation noted by the reviewer are indeed minor— 
the book is one that has distinct merit, and to say the least, is somewhat out of 
the ordinary. 


Cecit B. READ 
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SETs AND Loic, a supplement for high school geometry texts, by Mel Lieber- 
stein. Paper. Pages 18. 22X30 cm. 1952. Price fifty cents in lots of ten or 
more, otherwise 65¢ apiece. Returnable sample copy available from the author 
without charge. Mel Lieberstein, Dahlgren, Va. 


This mimeographed pamphlet presents some elementary material from basic 
set theory, selected so as to be of interest to students of the age group usually 
enrolled in plane geometry. Whether or not this is the most suitable supple- 
mentary material depends on the viewpoint of the teacher. The material of course 
does not progress very far into the field of mathematical logic, it does seem to be 
within the grasp of most geometry students. Any teacher desiring somewhat 
unusual supplementary material might well examine this pamphlet. 

Unfortunately, the quality of the mimeograph work is not as good as might be 
desired. Material on one side of the page shows through and causes confusion 
in reading the opposite side. Again, for a student who becomes interested in the 
material, there is likely to be the feeling that the treatment is inadequate— 
other references will be needed. 

B. READ 


RADIO AND TELEVISION RECEIVER TROUBLESHOOTING AND Repair, by Alfred 
A. Ghirardi, Author, Radio Physics Course, Modern Radio Servicing, Radio 
Troubleshooter’s Handbook; and J. Richard Johnson, Co-Author, Practical Tele- 
vision Servicing, Radio and Television Receiver Circuitry and Operation. Cloth. 
Pages xxiv+822. 15X23 cm. 1952. Rinehart Books, Inc., 232 Madison Avenue, 
New York 16, N. Y. Price $6.75. 


The authors have designed this book to furnish the knowledge and information 
necessary for a systematic approach to trouble-shooting, servicing and repair 
of radio and television receivers. In addition, chapters on servicing and adjusting 
home recorders, both disc and magnetic tape types, as well as record-playing 
equipment are included. A working knowledge of basic electricity and elec- 
tronics on the part of the reader is presupposed. An acquaintance with radio 
circuits and their operation, such as might be gained from the companion volume 
Radio Circuitry and Operation would be quite helpful. 

The treatment is non-mathematical with the material systematically organized 
in logical steps. The style is clear and concise. The language is no more technical 
than is required to develop the subject. Explanations are very full and complete, 
with numerous well-planned clear-cut diagrams, which in many cases are keyed 
to the explanations. Italics are used in the body of the text to emphasize words 
and passages. At the end of each of the 22 chapters is a comprehensive summary 
and an extensive set of Review Questions for the self-testing of the reader. Answers 
to the odd-numbered review questions are given at the back of the book. An 
especially useful device used many times is the troubleshooting chart sum- 
marizing in tabular form such items as components, symptoms, possible sources 
of trouble, and step-by-step methods of testing. 

This book is full of up-to-date practical information for the technician and 
service man, but it is quite different from the usual type of technical handbook. 
It is intended to serve as a textbook in trade or.vocational courses in radio 
and television servicing, as well as a source for self-instruction of technicians. 
It should serve these purposes very well. 

WALTER G. MARBURGER 
Western Michigan College of Education 
Kalamazoo, Michigan 


SCIENCE FOR A BETTER Wor~D, by Morris Meister, Ralph Keirstead, and Lois 
M. Shoemaker. 778 pages. Scribner’s 1952. $3.20. 


This is a general science text for the high school coming out of a quarter- 
century teaching experience. It embraces a goodly measure of standard science 
instruction. The book is eminently readable; the material is up to date; the 
illustrations are abundant and good. Ten units with some 40 chapters provide 
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a teachable text for a year. The Review Tests—How Much Do I Remember? 
are very good and utilize the various testing schemes—True False, Multiple 
Choice, Matching, and so on. The “jumble” test possesses some very good 
pedagogical features: “It is believed that the rephemoats extends several hundred 
miles above the earth’’! Something like an anagram quiz. The drawings, photo- 
graphs, and color plates are extremely well done. There is an excellent Glossary 
and Index. The book deserves success. 
Jutius SUMNER MILLER 
Ford Foundation Fellow 
Department of Physics 
University of California at 
Los Angeles 


SciencE—A Story oF DiscovERY AND Procress, by Ira C. Davis, John Bur- 
nett, and E. Wayne Gross. 562 pages. Holt. 1952 $3.44. 


This very excellent general science textbook contains 19 Units of standard 
science material. The text arrangement, page format, exposition, illustrations, 
pedagogical temper, are all eminently well executed. A section is introduced by 
a question. “What is air pressure?”’ Demonstrations are given which are easily 
done by the student and teacher. The double-column page is attractive as well 
as easy to read. There are abundant questions for review and discussion. The 
Biographical Glossary is very good and the Bibliography is well chosen. The 
brief stories of Discovery and Progress and the sections titled “The Old and the 
New” are very good instructionally. The authors are ably qualified. The book 
is sure to be well received. 

Juttus SUMNER MILLER 


Tue RIsE oF THE NEw Puysics—Its MATHEMATICAL AND PHYSICAL THEORIES, 
Formerly titled “Decline of Mechanism,” by A. D’Abro. 1040 pages. Two 
volumes. Dover Publications 1951. $8.00 the set. 


Here is another publication which one dares not “review.”’ It is a classic, as 
all who are read in this quarter well know. It is a beautiful piece of exposition, 
and so elegantly phrased that I find myself repeatedly reading again the para- 
graphs. Students young and old would do well to emulate the style and temper. 
The mathematical reader will find here some unexcelled exposition in those chap- 
ters which are essentially mathematical. Of the 41 chapters, 11 are concerned 
with mathematical equipment; the other 30 provide a remarkable physical 
picture. 

Part I. General Considerations: Here in about 100 pages the author examines 
the aims and methods of science, its assumptions, conceptual changes in physical 
theories, causality, mechanistic and field theories, and a very remarkable inquiry 
into the psychological differences among physicists. This last contributes very 
much to an understanding of the positions which men like Lorentz and Dirac 
and Planck and Weyl and Einstein have taken. 

Part II. Physical Theories of the Classical Period: Here in some 300 pages 
D’Abro gives a comprehensive survey of classical physics, prefaced by some 
mathematical preliminaries (functions and groups, differential equations, 
analytical mechanics, transformations). The sections on principles of least action, 
problem of three bodies, the undulatory theory of light, and thermodynamics 
are especially fine. 

Part III. The Quantum Theory: All of Volume 2 is given to this. Starting with 
Planck’s black-body radiation, the author follows the historical development of 
Bohr, de Broglie, Schrodinger, Heisenberg, Dirac, and the new statistics. Of 
the two volumes this is definitely the heavier to follow. The last chapter titled 
Quantum Mechanics and Causality is very englightening. 

Volume I contains 15 full page portraits of eminent mathematicians; Volume 
II 12 full page portraits of physicists. (The distinction here may be purely aca- 
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demic for some of these figures have achieved eminence in both quarters.) The 
Index is quite exhaustive. 

Scholars who are familiar with d’Abro’s The Evolution of Scientific Thought 
know the excellence of his writing. Philosophers and physicists alike will find 
these two volumes technically and expositionally unexcelled. 

Juttus SUMNER MILLER 

Erratum: Volume I contains an additional 9 full page portraits. 


FUNDAMENTALS OF ELECTRICAL ENGINEERING, by Fred H. Pumphrey, Head, 
Department of Electrical Engineering, University of Florida. 668 pages. Prentice- 
Hall 1951. $5.75. 


This is one of the Prentice-Hall Electrical Engineering Series so ably edited by 
W. L. Everitt. Although intended as a text for students who are specializing in 
fields other than electrical engineering it can well serve first-year EE students. 
Those who are familiar with the author’s Electrical Engineering need no special 
introduction to this volume. Besides the standard gamut of material numerous 
additional topics are included, such as nonlinear resistors, permanent magnets, 
stabilized amplifiers and electronic instruments. 

The text reads well; the diagrams are clear; the illustrative problems very well 
shown. The problems for solution are abundant and good. 

It is a very good book to have on the desk for reference. 

Jutius SUMNER MILLER 


A NEW ATOMIC GUN 


In these times when the potential of the bursting atom hangs like a sword 
over the civilized world, nuclear physicists at the University of Wisconsin and 
other research centers are at work on a strange problem. 

It has been amply demonstrated that tremendous explosive energy is released 
when atoms fly apart—but why atoms ever stick together at all is still a scientific 
mystery. 

The tiny particles which make up the bulk of the atomic nucleus—protons 
and neutrons—are tremendously répellent to one another until they are brought 
to within a certain distance. Then they develop an attraction which is of a magni- 
tude to stagger the imagination. 

But let’s go back a bit into the history of atomic research. 

In the 1920s a young scientist named Robert Van de Graaff, who was later 
to become a Rhodes scholar, conceived the idea for a radically different type of 
atom buster. He built one at Princeton and a second at Cambridge. 

Another physicist named Ray Herb made certain changes in design and built 
an electrostatic generator, as it is known, at the UW in the 1930s. 

Prof. Herb and his associates at Wisconsin perfected the electrostatic generator 
to the point where it would function at four and one-half million volts. Until 
recently this voltage was higher than that achieved with any similar type 
generator. A new machine is now being constructed in Prof. Herb’s laboratory 
which is expected to surpass the original Wisconsin generator in performance. 

This machine gives scientists fewer atomic bullets at slower speeds than the 
great atomic guns owned by some other research institutions, but the output 
of the Wisconsin electrostatic generator can be controlled with great accuracy, 
making it particularly valuable for research into the strange push-and-pull 
forces in the nucleus of the atom. 


Wood stain can be brushed on unsanded natural wood to yield a smooth 
waxed-effect hardwood coloring. Indoors, the stained surface requires no shellac 
over-coating, but it should be protected with several coats of varnish on articles 
to be used outdoors. 
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